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Page  2. 

In  the  book  are  examined  the  characteristics  of  the  antennas, 
arranged/located  on  the  surface  of  conductive  bodies.  Based  on  the 
examples  to  half-plane,  key,  circular  and  elliptical  cylinders  are 
given  strict  evaluations  of  the  effect  of  edges,  impedance  of  surface 
and  finite  dimensions  of  body  to  the  radiation  pattern  of  surface 
antenna.  The  results  of  investigation,  reduced  to  the  engineering 
formulas  and  the  graphs/curves,  can  be  used  during  the  design  of 
antennas,  which  do  not  create  aerodynamic  drag,  or  for  calculating  of 
line-source  antennas  and  gratings  of  arbitrary  range. 

The  book  is  intended  for  scientific  workers  and  specialists  in 
the  . 'qion  of  antennas  and  applied  electrodynamics,  and  also  graduate 
students  and  students. 


DOC  »  82036101 


PAGE  3 


Page  3. 


INTRODUCTION. 


Theory  and  practice  of  antennas  are  developed  in  close 
cooperation  with  many  branches  of  contemporary  science  and 
technology.  The  development  of  jet  aviation  and  missile  construction, 
a  rapid  increase  in  the  velocities  of  flight  vehicles  led  to  the  fact 
that  as  the  onboard  antennas  together  with  the  classical  ones 
(mirror,  lens)  increasing  use  find  the  surface  antennas,  i.e., 
antennas,  which  are  located  near  or  directly  on  the  surface  of 
projectile  and  forming  radiation  pattern  with  the  essential  effect  of 
this  surface.  The  fundamental  advantage  of  surface  antennas  consists 
in  the  fact  that  during  their  use  as  the  onboard  antenna  systems  do 
not  impose  the  restriction  themselves  to  the  aerodynamic  shapes  of 
flight  vehicles.  At  the  same  time  surface  antennas  make  it  possible 
to  very  effectively  form/shape  the  required  radiation  patterns. 

The  theory  of  surface  antennas  encompasses  a  wide  circle  of  the 
questions,  connected  with  the  solution  of  internal  problem,  by 
subsequent  performance  calculation  of  antenna  radiation,  by  the 
analysis  of  the  effect  of  the  medium  (for  example,  the  layer  of 
plasma),  which  surrounds  antenna,  on  its  characteristics.  At  present 
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there  is  a  considerable  volume  of  works  [1]  -  [9],  published  in  the 
Soviet  and  foreign  literature,  dedicated  to  different  aspects  of 
theory  and  surface  of  antennas  technique.  The  book  "Theory  of  the 
radiation  of  surface  antennas"  is  dedicated  to  the  solution  of 
exterior  problem  for  the  antennas,  which  are  located  on  the  bodies  of 
various  forms.  During  the  solution  of  exterior  problem  it  is  assumed 
that  the  antenna  emits  in  the  free  space  and  field  distribution  in 
antenna  aperture  known.  The  obtained  results  of  calculation 
correspond  to  amplitude-phase  field  distribution  of  sufficiently 
general  view  and  therefore  they  can  be  used  for  the  development  of 
surface  antennas  of  different  types  (slotted,  impedance,  etc.). 

Page  4. 

Aerodynamic  objects  are  exclusively  manifold  and  frequently 
accept  complex  forms,  so  that  the  solution  of  exterior  problem  in  the 
general  case  is  impossible.  At  the  same  time  many  aerodynamic  objects 
or  their  individual  sections  can  be  sufficiently  well  approximated  by 
surfaces  which  admit  the  analytical  solution  of  electrodynamic 
problem.  In  the  present  work  are  examined  the  radiation 
characteristics  of  the  surface  antennas,  arranged/located  on  the 
half-plane,  key,  to  band,  circular  and  elliptical  cylinder,  to  sphere 
and  spheroid. 
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From  the  vast  class  of  surface  antennas  are  not  examined 
virtually  only  conical  antennas.  The  latter  fact  is  connected  with 
the  fact  that  the  numerical  calculation  of  the  radiation  field  of 
conical  antennas  according  to  precise  formulas  is  extremely  complex, 
especially  in  the  most  interesting  case  of  the  asymmetric  excitation 
of  the  surface  of  cone.  The  approximate  results  known  to  the  authors 
of  calculating  conical  antennas  are  obtained  predominantly  without 
taking  into  account  the  effect  of  the  point  of  cone,  which  is  correct 
in  that  region  where  the  effect  of  vertex  of  a  conical  surface  is 
unessential.  Since  in  the  book  are  investigated  the  diffraction 
phenomena,  connected  with  shaping  of  the  field  of  surface  antennas, 
the  authors  considered  it  advisable  to  restrain  from  the  examination 
of  antennas,  which  are  located  on  the  surface  of  cone. 

The  questions  in  question  in  the  book,  are  united  by  the  fact 
that  they  all  are  reduced  to  finding  of  the  fields  of  those  created 
by  radiation  sources  which  are  located  near  or  directly  on  the 
surface  of  one  or  the  other  body.  For  the  solution  of  problems  of  the 
type  indicated  can  be  used  the  different  methods:  the  method  of 
Green’s  functions  [10],  reciprocity  theorem  in  combination  with  the 
solutions  of  appropriate  diffraction  problems  [11],  the  method  of 
integral  equations  [10].  In  this  book  as  the  basis  of  the  analysis  of 
the  radiation  characteristics  of  surface  antennas  is  assumed  the 
single  approach,  connected  with  the  use/application  of  a  reciprocity 
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theorem.  As  far  as  other  precise,  and  also  approximate  methods  of  the 
solution  of  the  problems  in  question  are  concerned  are  mentioned  the 
works,  in  which  these  methods  are  utilized. 

Page  S. 

With  the  fulfillment  of  work  the  authors  strove,  mainly,  for 
development/detection  and  analysis  essential  features  of  the 
radiation  characteristics  of  surface  antennas,  and  also  for  the 
development  of  the  simple  calculation  procedures,  which  make  it 
possible  to  manage  without  cumbersome  calculations.  For  this  purpose 
in  the  work  together  with  strict  ones  extensively  are  used  the 
approximate  and  asymptotic  methods,  complex  problems  are  reduced  to 
the  simpler  (or  at  least  they  are  compared  with  them).  If  it  was 
impossible  to  simplify  problem  was  performed  the  detailed  calculation 
whose  results  contain  information,  necessary  during  the  construction 
of  antenna.  Work  carries  designing-theoretical  character.  Since  at 
its  base  lies/rests  a  strict  method,  data  of  experiment  were  drawn 
only  for  the  illustration. 

In  the  book  are  placed  mainly  original  materials,  and  also 
series/row  of  the  results,  published  in  the  Soviet  and  foreign 
literature.  The  part  of  the  results  (Chapter  3  and  8)  is  obtained  by 
the  authors  together  with  Z.  I.  Shteynfel'd.  The  numerical 
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calculations,  widely  utilized  for  the  analysis  of  the  radiation 
characteristics  of  surface  antennas,  are  carried  out  under  the 
management/manual  of  N.  I.  Dmitriyeva. 

The  authors  express  deep  gratitude  to  E.  L.  Burshteyn  after  the 
aid  in  setting  and  solution  of  series  of  problems  and  to  G.  V. 
Kisun'ko,  who  looked  over  materials  of  the  manuscript  and  who 
recommended  it  to  the  publication.  The  authors  express  sincere 
gratitude  to  L.  D.  Bakhrakh,  M.  B.  Zakson  and  to  official  reviewer 
L.  S.  Benenson,  Ye.  N.  Vasil'yev  and  G.  T.  Markov  for  the  very 
valuable  advice. 
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Page  6. 


1. 


FUNDAMENTAL  CALCULATION  RELATIONSHIPS 


In  present  chapter  is  set  forth  the  main  apparatus  necessary  for 
performance  calculation  of  radiation  of  surface  antennas  according  to 
the  reciprocity  theorem.  Here,  as  in  all  remaining  chapters,  is 
utilized  the  rationalized  system  of  unity  MKC.  It  is  assumed  that  the 
dependence  of  electromagnetic  field  on  the  time  takes  form  exp(-icjt). 

1.1.  According  to  Lorenz's  lemma  (for  example,  see  [12]) 
electromagnetic  fields  E,  H  and  Elf  Hlf  created  by  outside  currents 
with  bulk  densities  of  j  and  jir  satisfy  the  relationship/ratio 

div  \E,  ,|  -div  [£„  H\  .-=/?,  -  lE.  (1.1) 

Let  us  examine  the  system  of  two  emitters,  arranged/located 
arbitrarily  relative  to  surface  of  S  of  the  ideally  conductive  body 
(Fig.  1.1).  As  the  emitter,  which  creates  fieldHu  H1(  let  us  select 
elementary  electric  dipole  with  the  single  moment/torque  "p,  which  is 
located  at  certain  point  of  space  M.  As  another  emitter,  which 
creates  field  let  us  take  antenna  with  the  aperture,  limited  by 

surface  SA.  Let  us  assume  that  they  are  known  of  the  tangential  field 
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component  £  ^  in  antenna  aperture. 

Page  7. 

Let  us  use  Lorenz's  lemma  (1.1)  to  fields  Ex ,  if  x ,  if,  created  by 
the  sources  in  question  in  space  V,  limited  by  surfaces  S,  SA  and 
spherical  surface  S,  it  is  sufficient  large  radius  (Fig.  1.1). 
According  to  (1.1)  in  space  V 

div  |£,  tf,|  — div  [£„  H\  =  —  U  E.  (1.2) 

Integrating  expression  (1.2)  by  space  of  the  V  taking  into  account 
theorem  of  Gauss-Ostrogradskiy  and  boundary  conditions  on  surface  of 
S,  and  also  radiation  condition,  we  obtain  the  following 
relationship/ratio: 

[  fl£,.  Hx\  —  \Et; H^\}neds~—  (1.3) 

In  expression  (1.3): 

n,  -  normal  to  SA,  external  with  respect  to  space  V; 

V,  -  space,  in  which  is  concentrated  outside  current  with  a  density 
of  jx. 


In  the  case  in  question  the  source  of  outside  current  is 
elementary  dipole  and  therefore 

—  J  UEdVx  =  4it  pE  ( M ). 
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Fig.  1.1.  To  the  derivation  of  reciprocity  theorem. 


Page  8. 


Thus,  component  EP(M)=p£  (M)  of  electric  vector  E  of  the  field, 
created  at  the  arbitrary  point  of  space  M  of  antenna,  which  is 
located  near  or  directly  on  surface  of  S  of  conductive  body, 


satisfies  the  relationship/ratio: 


=  i\K  « 


l\~lEl,Hx]}n^is.  (1.4) 


■4  ->  -4  -4 

Applying  Lorenz's  lemma  to  fields  E,  H  and  E',  H',  by  the  antenna  and 
elementary  magnetic  dipole,  created  by  surface,  which  are  located  at 
point  M  and  having  the  single  dipole  moment  "q,  we  will  obtain 
analogous  relationship/ratio  for  component  H„(M)  of  the  magnetic 
vector  of  the  field  of  antenna  at  point  M: 


{(Ex,H'\-[E',Hx\}nJs.  (1.5) 
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Relationships/ratios  (1.4)  and  (1.5)  are  the  analytical  expression  of 
reciprocity  theorem.  These  relationships/ratios  show  that  the  field 
of  surface  antenna  at  the  arbitrary  point  of  space  M  can  be  designed, 
if  are  assigned  tangential  components  W,  of  field  in  antenna 

->  -4  -4 

aperture  and  are  known  the  values  of  the  auxiliary  fields  Ew  Ht;  E', 
H' ,  created  on  surface  SA  by  elementary  electrical  and  magnetic 
dipoles,  which  are  located  at  point  M.  Field  distribution  in  antenna 

aperture  in  each  specific  case  is  determined  as  a  result  of  the 

.  — -4  —4  "4 

solution  of  internal  electrodynamic  problem.  Fields  E,,  E' ,  H' 

are  the  solutions  of  the  diffraction  problems,  which  correspond  to 

the  excitation  of  the  body  of  the  form  in  question  by  electrical  and 

magnetic  dipoles,  which  are  located  at  point  M  (Fig.  1.1).  Dipoles 

must  be  oriented  in  the  same  directions,  as  designed  components 

E9j>,  Htf  of  vectors  Is  and  if. 


Page  9. 


If  it  is  necessary  to  determine  the  radiation  pattern  of  surface 

antenna,  point  M  one  should  extend  to  infinity  and  then  as  the 

*4  — 4  —4  —) 

auxiliary  vectors  Elf  Ht;  E',  H'  it  is  necessary  to  take  the 
solutions  of  the  problems  about  the  diffraction  of  the  respectively 
polarized  plane  waves,  which  fall  to  surface  of  S  of  the  body  in 
question  from  the  assigned  direction.  Since  in  the  remote  zone  of 


antenna  field  E,  H  carries  the  character  of  locally  plane  wave,  for 
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calculating  the  radiation  pattern  it  suffices  to  use  one  of  the 
relationships/ratios  [by  expression  (1.4)  given  above  or  (1.5)]. 

If  antenna  aperture  sA  coincides  with  the  section  of  surface  S 
of  conductive  body,  expression  (1.4),  (1.5)  they  are  simplified, 
since 

!*..  Hx\nt\s=\E',  /ftl«.|s  =  0, 
they  take  the  following  form: 

£„(,W)  =  -1  f  J£t.  tf.JMs,  (1.6) 

lEx,H'lneds.  (1.7) 

SA 

Latter/last  relationships/ratios  show  that  for  calculating  the 
antenna  radiation  pattern,  arranged/located  directly  on  surface  of  S 
of  conductive  body,  it  suffices  to  know  only  components  of  the 
magnetic  vector  of  the  diffraction  field  of  plane  wave,  tangents  to 
surface  of  S. 

1.2.  Radiation  patterns  of  the  surface  antennas,  arranged/located  on 
the  bodies  of  cylindrical  form. 

Before  passing  to  the  examination  of  the  solutions  of  the 
diffraction  problems  which  will  be  used  for  the  calculation  of  the 
radiation  patterns  of  surface  antennas  according  to  the  reciprocity 
theorem,  let  us  touch  several  general/common/total  questions. 
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connected  with  the  analysis  of  the  radiation  characteristics  of 
antennas,  which  are  located  on  the  bodies  of  cylindrical  form. 

Page  10. 

The  solution  of  three-dimensional  vector  diffraction  problem, 
necessary  for  finding  the  three-dimensional/space  radiation  pattern 
of  surface  emitter,  even  in  the  case  of  the  bodies  of  cylindrical 
form  presents  known  difficulties.  However,  if  is  solved  the 
two-dimensional  problem  about  scattering  of  plane  wave  from  the 
cylindrical  body,  the  solution  of  the  spatial  diffraction  problem  of 
obtaining  not  difficult  [13]. 

Let  on  cylindrical  body  fall  the  plane  wave,  which  arrives  from 
the  direction,  which  is  characterized  by  angles  d,  <p: 

E% = exp  (—  i*  (z  cos  *  -j-  x  sin 8 cos  ?  y  sin  * sin  ?)|, 

^  ^  J 

Hi=hi  -^-expl—  i*(rcos»  + 

-f-*sin&C08?-{-y  sinftsin?)),  (1.8) 

where  elt  ht  -  the  unit  vectors  of  the  polarization  of  the  plane  wave: 
Z,  -  impedance  of  free  space;  k«2»/X  -  wave  number. 

The  possibility  of  reducing  of  spatial  diffraction  problem  to 
flat/plane  is  caused  by  the  fact  that  the  dependence  of  the 
electromagnetic  field  on  coordinate  z  in  the  incident  wave  takes  the 
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simple  form.  It  is  almost  obvious  (for  example,  see  [14]),  that  in 
the  diffraction  field  "i,  *H  the  dependence  on  z  takes  the  same  form, 
as  in  the  incident  wave,  i.e. 

E  =  e(x,  </)e-irt“*\ 

H  =  {1.9) 

Further  examination  is  conveniently  conducted  for  two 
fundamental  types  of  polarization  E^  and  E^,  electrical  and  magnetic 
vectors  of  the  incident  wave  corresponding  to  orientation  in  the 
direction,  perpendicular  to  the  axis  of  cylindrical  body. 

Page  11. 

In  the  case  of  perpendicular  polarization  Ejl,  component  £,»o,  and 
remaining  components  of  vector  E  satisfy  the  equation  of  Helmholtz 

which  taking  into  account  (1.9)  takes  the  following  form: 

where 

=  C-10* 

Equation  (1.10)  is  required  to  solve  for  the  condition 

!«..*!  I  s=0,  (1.11) 

if  bounding  surface  S  ideally  conducting,  and  the  condition  for  the 
excitation 

Ei  =  exp  (— i*  sin  4  (x  cos  <?  4*  y  sin  ?)!•  (112) 
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Let  us  compare  the  problem  in  question  with  the  two-dimensional 
problem  about  the  incidence/drop  on  the  cylindrical  body  of  plane 
wave  with  wave  vector  *,  of  that  polarized  in  the  plane  of  incidence. 
Components  £^,£^  of  electric  vector  £#(x,y,x)  of  the  diffraction  field, 
which  corresponds  to  two-dimensional  problem,  satisfy  the  equation 

-0.  (1.13). 

to  the  boundary  condition 

K>IU  =  0  (1.14) 

and  to  the  condition  for  the  excitation 

£/  exp  j — ix(x  cos  ?•-{-«/ sin  ?*)|.  (1.15) 

Comparing  relationships  (1.10)-(1.12)  and  (1.13)-(1.15) ,  which 
uniquely  determine  the  solutions  of  spatial  and  two-dimensional 
problems,  it  is  not  difficult  to  ascertain  that  conditions 
(1.10)— (1.12)  and  (1.13)-(1.15)  will  become  equivalent,  if  we  in 
expressions  (1.13)  and  (1.15)  assume 

xsirsinft,  ?*=*?• 


Page  12. 


Thus,  the  components  of  vectors  E,  H  of  the  field,  corresponding  to 
spatial  diffraction  problem,  are  expressed  as  field  component 
£*(x,y,x),  y, x)  in  two-dimensional  problem  with  the  aid  of  the 

following  relationships/ratios: 
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Ex.  y  =  ^x  t  (x,  y,  k  sin  &)e-,“ ®°*  * , 

Ez  —  0,  (1.16) 

^  £°,.  Jx.y.K  sin  &)e-'"  ~  .  (1.1 7) 

Ht  =  sin  &//’  (x,  y,  k  sin  *)  e~ iM * . 

In  the  case  of  polarization  E  n  analogous  reasonings  lead  to  the 

->  — ^  ->  -> 

following  expressions,  which  connect  field  component  E,  H  and  E*,  H* 

Mr.  *  =  Hi  ,  (x,  y ,  k  sin  »)  e’1”  * ; 

Wi  =  0,  (1.18) 

£*.  /=  ^  2, cos  bH°y  x  (x,  y,  k  sin  fye-1** co*  * , 

£,  =  sin  (x,  y,  at  sin  »)  e~lr*  c“  * .  (l .  19) 

Relationships/ratios  ( 1 . 16) - ( 1 .19 )  make  it  possible  to  determine  the 
solution  of  spatial  diffractive  problem,  if  is  known  the  solution  of 
the  two-dimensional  problem  of  diffraction. 

As  the  illustration  of  the  use/application  of  formulas 
(1.16)-(1.19)  let  us  give  calculation  according  to  the  reciprocity 
theorem  of  the  three-dimensional/space  radiation  pattern  of  the 
elementary  slotted  emitter,  which  is  located  at  certain  point  Q(x,  y 
z)  on  the  surface  of  the  conducting  cylindrical  body  (Fig.  /.*l)  and 
excited  by  the  field 

=  {««.  e„  e,}. 

The  source  in  question  creates  in  the  remote  zone  in  direction  k 
(Fig.  1.2)  certain  field  Expressions  (1.16)— (1.19)  make  it 


possible  to  determine  with  the  aid  of  the  reciprocity  theorem  any 
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component  of  this  field,  if  are  known  the  solutions  of  the 
two-dimensional  problems  about  the  diffraction  of  plane  waves  on  the 
cylindrical  body,  which  correspond  to  polarizations  Ex  and  E/f. 

Page  13. 

—A 

In  order  to  find  the  components  of  field  E,  let  us  introduce  two 
single  orthogonal  vectors  1?!  and  "p, ,  such,  that 

IaI-IaI-1.  PiPt—0, 

Pi  K  =  p,  K  =*  0,  0.  ( 1 .20) 

It  is  obvious  that  the  projections  of  vector  E  of  the  unknown  field 
to  directions  plf  p,  completely  characterize  the  radiation/emission 
of  slot  in  the  remote  zone: 

E=(E'Pi)Pi+{£.PJP,-  (1.21) 


«lsiS.  •» 
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Fig.  1.2.  To  problem  of  diffraction  on  cylindrical  body. 


The  vectors 

Pi » {sin ?;  —cosy;  0}. 

p,  —  {cos  &  cos?;  cos  &  sin  ?;  —  sin  &} 

are  selected  in  such  a  way  that  the  first  of  them  coincides  with  the 
sense  of  the  vector  of  the  plane  wave 

1*1  =  (*»  PlI.  (1.22) 

not  having  components  (polarization  Ej) ,  but  the  second  vector  s 
-  by  sense  of  the  vector  ^  of  the  plane  wave 

=  =  Alt  (1-23) 

in  which  f/,„=0  (polarization  Ejj).  According  to  relationships/ratios 
(1.16)-(1.19)  the  solutions  of  the  problems  about  the  diffraction  of 
plane  waves  (1.22),  (1.23)  can  be  expressed  through  the  solutions  of 
corresponding  two-dimensional  problems.  Using  reciprocity  theorem  and 
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formulas  (1.16)-(1.19) ,  it  is  not  difficult  to  obtain  the  following 
expression  for  the  three-dimensional/space  radiation  pattern  of 
elementary  slotted  emitter,  which  is  located  on  the  cylindrical 
surface: 


£= 


exp  ( —  i#cz  cos  ft) 
4 n 


{ I  TT* 


X  £ 


nX!/  (*.  </.  k  sin  ft)  —  eu  — -  E?Xx  ( x ,  y,  k  sin  ft)  -f- 
+  e,  sin  bH0±t  ( x,y,K  sin  ft)  1  ne  )  pt  + 


+  (If,.  exff0Ux(x,  i/,  k  sin  ft)  -f- 
+  «•)?#}•  (1-24) 

where  £!_[,  "^J,  HJj  -  solution  of  the  two-dimensional  problems  about 

the  diffraction  of  the  perpendicularly  and  in  parallel  polarized 
plane  waves  on  the  body  in  question. 


Thus,  for  calculating  solid  coverage  of  slotted  emitter  on  the 
cylindrical  surface  it  is  necessary  to  know  the  field  in  slot  E%  and 
the  solutions  of  two  scalar  problems,  which  correspond  to  the 
excitation  of  this  surface  by  plane  waves  with  polarizations  and 
E„. 

Page  15. 


Analogously  can  be  calculated  the  radiation  pattern  of 
elementary  electrical  radiator/resonator/element,  located  at  point 
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Q(x,  y,  z)  and  oriented  in  the  direction  of  normal  to  the  surface  of 
cylindrical  body.  Calculation  shows  that  in  this  case 

£  =  ^e-,Meo**  {(£°lr  (x,y,K  sin  »)ex + 

+  E°u  (x,y<«  sin  #}  ev,nt)  ~px  -f  (—  Z,  cos  &  X 
X  H°li¥  (x,  y ,  «sin *)ex  +  Zocos  x  (x,  y,  k sin &)  X 

X  +  sm*£°#,  ( x ,  y,  «sin  &)  et,  «,.)£,}.  (1 .25) 

In  the  examination  of  radiation  patterns  in  the  main  section, 
i.e.,  in  the  plane,  perpendicular  to  the  axis  of  cylindrical  body,  it 
is  assumed  that  assigned  field  distribution  on  the  surface  of 
cylinder  does  not  depend  on  coordinate  z.  Since  in  actuality  is 
excited  only  the  finite  segment  of  cylindrical  body  and  the  character 
of  the  excitation  in  a  specific  manner  depends  on  coordinate  z,  it  is 
necessary  to  establish/install  the  limits  of  the  applicability  of  the 
obtained  results. 

In  connection  with  this  let  us  examine  the  arbitrary  conducting 
cylindrical  body,  in  certain  section  X  of  surface  of  which  is 
assigned  electric  field  £,  with  components  £*  and  E*t  in  the 
coordinate  directions  z  and  s  (Fig.  1.3). 
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Fig.  1.3.  On  the  calculation  of  the  main  section  of  radiation 
pattern. 

Page  16. 

The  radiation  pattern  of  the  examined  surface  emitter  can  be  obtained 
from  formula  (1.6),  if  we  assume  for  the  parallel  and  P*—**  for 

the  perpendicular  polarization  (&  -  unit  vector): 

(1.26) 

(1-27) 

where  H,  and  h,  -  components  of  magnetic  field  on  the  surface  of  the 
cylinder,  excited  by  the  respectively  polarized  plane  wave,  which 
falls  from  the  direction  <p  in  plane  xOy  (Fig.  1.3).  Since  the 
incident  wave  flat/plane  and  field  H  on  coordinate  z  does  not  depend, 
expressions  (1.26),  (1.27)  can  be  rewritten  as  follows  (omitting 
constants) : 


* 


DCC  =  82036X01  PAGE  <3£ 

E *  (?)  =  J  [  j E°  (*,  s)  dz  ]  H.  (s,?)  rfs;  (1 .28) 

£,(?)  =) [J  £?  (3,  s)  dz]  H,(s,f)ds.  (1.29) 

^•om  the  latter/last  relationships/ratios  it  follows,  that  for  all 
field  distributions  in  antenna  aperture,  such,  that 

J  =  Q.,  ,(s).  (1.30) 

*, 

the  radiation  patterns  in  the  main  section  will  be  identical,  if 
functions  ♦*,(«)  coincide. 

In  expression  (1.30)  C  -  arbitrary  constant  value,  and 
integration  limits  can  be  selected  infinite  in  view  of  the  fact  that 
£\,» 0  on  the  surface  of  conductive  body  everywhere  with  exception  of 
antenna  aperture.  A  special  case  of  the  distribution,  which  satisfies 
condition  (1.30),  is  distribution  of  the  type 

E°.,t(s,z)  =  A(s)BW  (1.31) 

Page  17. 

Actually/really,  substituting  (1.31)  in  (1.30),  we  obtain 

<Hs)  =  A(s);C=^B(z)dz.  (1.32) 


For  example,  field  distribution  in  the  infinitely  thin  slot  satisfies 
condition  (1.32),  since  the  law  of  field  distribution  across  the  slot 
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does  not  depend  on  field  distribution  along  it  and  can  be  found 
sufficiently  accurately  from  the  solution  of  the  corresponding 
electrostatic  problem.  This  indicates,  in  particular,  that  the 
radiation  pattern  of  the  thin  slot,  cut  in  the  conducting  cylinder  of 
lengthwise  generatrix,  in  the  main  section  does  not  depend  on  the 
sizes/dimensions  of  slot  and  form  of  field  distribution  along  it. 
Latter/last  confirmation  is  correct  for  the  thin  slot  of  variable 
width,  since  in  expressions  (1.26)  and  (1.27)  in  the  case  of  the  thin 
slot  it  is  possible  immediately  to  integrate  over  s  considering  that 
is  virtually  constant  in  the  width  of  slot. 

Thus,  for  the  determination  of  the  radiation  patterns  in  the 
main  section,  which  correspond  to  field  distributions  which  satisfy 
conditions  (1.30)  or  (1.31),  instead  of  the  spatial  problem 
sufficiently  solving  flat/plane,  which,  as  a  rule,  considerably 
simplifies  examination.  In  conclusion  it  should  be  noted  that  the 
information  of  the  spatial  problem  about  the  surface  emitters  to 
two-dimensional  problem  proves  to  be  possible  not  only  in  the  case  of 
cylindrical,  but  also  for  the  arbitrary  convex  body  with  a  small 
surface  curvature.  True,  this  simplification  is  possible  only  for  the 
"linear"  antennas,  arranged/located  over  the  "large  cross  section"  of 
convex  body,  i.e.,  along  the  line  on  which  the  planes,  tangents  to 
the  body  surface,  are  parallel  to  one  straight  line,  and  only  for  the 
main  section  of  radiation  pattern,  i.e.,  for  the  plane,  perpendicular 
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to  this  straight  line. 

Page  18. 

In  this  case,  as  it  follows  from  works  [15,  16],  radiation  pattern  by 
main  section  is  evinced  with  the  aid  of  the  reciprocity  theorem  as 
follows: 

£.=]^(s)/(S)e'rVs  (1.33) 

during  the  parallel  polarization; 

(1.34) 

Jl 

during  the  perpendicular  polarization. 

Functions  f(£)  and  g($),  entering  expressions  (1.33)  and  (1.34), 
will  be  examined  in  the  following  paragraph.  The  parameter  {  in 
formulas  (1.33),  (1.34)  depends  only  on  the  radius  of  curvature  of 
body  surface  in  section  xOy  (Fig.  1.3).  This  means  that  in  the  case 
of  the  convex  slightly  bent/slightly  curved  surface  the  radiation 
pattern  of  the  line-source  antenna  in  question  in  the  main  section 
depends  only  on  surface  curvature  in  this  section.  The  property 
indicated  has  very  important  value  during  performance  calculation  of 
the  radiation/emission  of  the  line-source  antennas,  arranged/located 
on  the  bodies  of  complex  form,  making  it  possible  to  obtain  necessary 
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results  from  the  solutions  of  the  simpler  problems  about  the 
emitters,  vhich  are  located  on  the  bodies  of  cylindrical  form. 

1.3.  Scattering  plane  wave  on  the  conductive  bodies  of  various  forms 

In  Sl.l  it  was  shown  that  for  the  determination  of  the  field  of 

-4  — >  -4 

surface  antenna  it  is  necessary  to  know  solution  of  Ew  Hi  (or  E', 
H')  the  corresponding  diffraction  problem.  Since  subsequently 
according  to  the  reciprocity  theorem  will  be  designed  mainly  the 
radiation  patterns  of  surface  antennas,  let  us  give  the  solutions  of 
the  problems  about  the  diffraction  of  plane  waves  on  the  bodies  of 
various  forms.  In  the  case  of  cylindrical  bodies  we  will  be 
restricted  to  the  examination  of  the  two-dimensional  problems  of 
scattering  for  two  fundamental  types  of  the  polarization  (Ej_  and  Ej) 
of  applied  field. 

Diffraction  of  plane  wave  on  the  half-plane. 

The  problem  about  the  diffraction  of  plane  wave  on  the  ideally 
conducting  half-plane  is  solved  by  Sommerfield  [17]  with  the  aid  of 
the  method  of  the  branched  solutions.  The  solution  of  problem 
represented  in  the  locked  form  is  expressed  as  Fresnel's  integrals. 

Page  19. 
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If  the  incident  plane  wave  has  single  amplitude  and  is  propagated  in 
the  direction,  perpendicular  to  the  edge/fin  of  screen  and  which 
forms  angle  <p  with  the  plane  of  screen  y*0  (Pig.  1.4),  the  components 
of  diffraction  fields,  which  correspond  to  polarizations  Ej_ and  Ew, 
can  be  represented  as  follows  at  the  arbitrary  point  of  space  r,  <p'. 
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Pig.  1.4.  To  scattering  of  plane  wave  on  the  half-plane. 
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Perpendicular  polarization  (magnetic  vector  of  primary  field  is 
parallel  to  the  edge  of  half-plane): 
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(r,  <?')  =  4'expl~ixrcos  (*—*'))  { 1  +  4  X 

Xf.  (2  —  iw'cos  (HV)I  X 

.  9 

X{l  +  l/2e  4  Ft  (2  cos  14*1)}.  (1.3 1) 

—j-Er  (r,  ?') — 5-  sin  (?  —  ?')  exp  (—  i  xr  cos  (<?  — 

-»1I  { 1  +  «”Tf.  (2  /?  «***)}+ 

+-j-s”1(?+?')*xp|—  i*7co»(f+?')l  X 

X  {l  +  VI*"  ~*F ,  (2  o»^)}+ 

...  *  (w+ 

sin-J-coiJj*.  (1.36) 

- (r.f')  =  -j* cos (*-f 1 1  exp[-l*r cos  (f— f^J  X 

X{l+V^e  Z7.  (2|/^C08^^^4.4'c«{HjP')X 

,  -T 

Xexp(— «rcos(f +fOI  )l+ V^e  X 

+V~^‘  (1.37) 

The  parallel  polarization  (electric  vector  of  primary  field  is 
parallel  to  the  edge  of  half-plane): 
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£, ('.  ?')  =  ~y  e*P  I—  cos  (?  —  ?')J  X 

X{1  4- 1  2e  V,  (2  /fcos^)}- 

—  i  JL 

— exp  [—  i nr  cos  (f-HOl  ^  1  -J-  e  4  X 

XFt(2|/  -5LCos^)}.  (1.38) 

ZJtr(r,  ?')=-^-sin  (?  —  <?')  exp  j— ixr  cos  (?—?') J  X 
— ^sin(<p-f  fOexpf  —  i*rcos(?-f  <P0|  -f“ 

+  ^«''TF.(2|^fcosl^l)}+ 

^CM^-aia^-.  (1.39) 

ZJt,(r,  ?')—-y cos(f  —  ?') exp /—  i*r  cos  (?  —  9')]  X 

- i-  cos  (<p  -J"  1')  exp  (  —  \nr  cos  (<?  -}-  ?')I  X 

X|l-f^2e  ft(2  J^^cosMp-j}  + 

e  sin  -5-  sin  £-•  (1.40) 

Page  21. 

In  expressions  (1.35)-(1.40) 
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-  the  integral  of  first-order  Fresnel; 

Relationships/ratios  (1.35)-(1.40)  together  with  the  reciprocity 
theorem  make  it  possible  to  calculate  the  radiation  patterns  of  the 
radiation  sources,  arbitrarily  arranged/located  relative  to  the 
surface  of  half-plane. 

Diffraction  of  plane  wave  on  the  key. 

For  calculating  the  antenna  radiation  patterns,  arranged/located 
on  the  key,  we  will  use  the  solution  of  the  problem  of  diffraction, 
obtained  by  Oberhettinger  [18],  which  is  correct  for  the  arbitrary 
aperture  angle  of  key.  In  the  case,  interesting  us,  which  corresponds 
to  an  incidence  in  the  plane  wave  on  the  surface  of  key  (Fig.  1.5), 
the  components  of  diffraction  fields  take  following  form  [18]. 


i 

■1 

i 
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Perpendicular  polarization: 

OO  fft1 

H,(r,  =  2  (xr)  e~  2‘  X 


fl=0 


cos ”(?  —  ?')+  cos^-  (•?+?')  ]• 

£r(r,  ?')  =  ^-|jn«nJ„(W)e"i^X 

flaO  * 

X  [  sin  ^-(9  —  9')  +  sin  ^7- (?+?')]; 

OO  j  /!«» 

£,  (r.  ?')  =  ‘  2»  J]  »«J'„  (»)e  ta  X 

X[cos”  (9  —  ?')+ as —•  (*+*')  ]. 
Parallel  polarization: 

E,(r,  ?')  =  2j„(«r)e"'^'x 

*»0  • 

X  [«*  -T-  (t  -  f')  -  cos  ~  ( 9 + f')  ] . 
H,(r,  "J„(kt)X 


ItmO  • 


(1.41) 


(1.42) 

(1.43) 


(1.44) 


X  e"1  2‘  [  sin  '-(f- 9’)  -  sin  ™  (?+?')] ;  (1.45) 

J'~<*r)e~  S‘X 

n*rQ  • 

X[co8~(?-f')-cos^(f-f?')|.  (1.46) 
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Fig.  Iv5.  To  scattering  of  plane  wave  by  key. 


Page  23. 


In  expressions  (1.41)— (1.46) 


t  _ 

Bessel  function; 

.„=(!$  "=0- 

\2npH  n^O; 

Key;  (1).  with. 


a  -  external  wedge  angle; 

*  « 

<p—  direction  of  arrival  of  plane  wave* 
r,  coordinates  of  observation  point  (Fig.  1.5) 

Diffraction  of  plane  wave  on  the  circular  cylinder. 

The  solution  of  the  problem  of  diffracting  the  plane  wave  on  the 
circular  cylinder  is  determined  according  to  the  method  of  separation 
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of  the  variable/alternating  r,  z  (Fig.  1.6)  in  the  equation  of 
Helmholtz  and  takes  following  form  [19]  for  the  types  of  the 
polarization  of  applied  field  in  question. 


Perpendicular  polarization  (/: ■  j: 


H,{r,  ?')  —  expj  -iK-rv«s.(f  r')i 
_  f  (  -  i,"  -J ;->•?>  //'“(/v-r)  e . (1.47) 

L  //!,'*(*«)  " 

oo 

— 1  £r  (/-,  <p')  —  sin  (?  —  ?')  exp  |  -  i kt  cos  (?  —  ?')|  — 

_J_  fl  n  ( —  j)»»  //'"  (Arr)  e1  ,  (1.48) 

/!=»— OO 


—  v  £.  (r.  ?')  =  cos  (V  -  ?')  exp  |  -  i nr  cos  (?  -  ?')] 

<  T ir^'CWe’ 


(!.«) 
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Parallel  polarization  (£  (;): 

y')^-exp|  -i/crcos(<p  -f')l~ 

_  S  1  -i)"  itS O  '50' 

n-  —co 

Z,llr(r ,  ?')  =sin(«p —f) exp |—i if/- cos (?  —  »')!  — 

- L  fl  „(_  ,■).  H")(Kr)t'n{^'>;  (I  51) 

n  —to 

2#//t(r,  y)  -  cos  (y  -  -  <?’)  exp  | —  i  w  cos(y  —  ?’)I  — 

ft  —  — co 
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Fig.  1.6.  To  scattering  of  plane  wave  on  the  circular  cylinder. 

Page  25. 

In  expressions  (1.47)-(1.52) : 

rf"(Ka),  J„(jca),  J'„(Ka)— the  Hankel  function,  Bessel  function,  and 

their  derivatives  of  argument  ka; 

a  -  radius  of  cylinder; 

r,  <p'  -  coordinate  of  observation  point  (Fig.  1.6); 

<p  -  angle  of  incidence  in  the  plane  wave  (in  Fig.  1.6  e*0). 
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Diffraction  of  plane  wave  on  the  elliptical  cylinder. 

The  solution  of  the  problem  of  diffracting  the  plane  wave  on  the 
ideally  conducting  elliptical  cylinder  (Fig.  1.7),  given,  for 
example,  in  work  [20],  can  be  represented  as  follows. 


r 
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Fig.  1.7.  To  scattering  of  plane  wave  on  the  elliptical  cylinder 

Page  26. 

Perpendicular  polarization  (£x): 


vVji' 
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n)858**?!—  i«A (ch? ccs t] <ws <►,-}- sh£smt| an &,)|  — 

-2V  <7)ce.(T),  f)ce.(d., «/)+ 

mO 

q) sen (ij,  q)xn(*„  q)};  (1.53) 

—  2^-  4-  (ch  2?—  cos  2tj)  £^  (S,  t\)  =  (ch  {sin  T|  cos  — 

—  sh  6  cos  t\  sin  fr4)  exp  {—  ink  (ch  {  cos  ^  cos 

-|-sh{smt)sin&,)l  — 

CO 

-^E{C<',Me<-,(5,  q)ct'nin'  9)ce»(a“  q)+ 

naeO 

+  5'J)Ne«,)(5,  <7)  se'„  (ij,  q)  *,(*..  ?)};  (1.54) 

— -j-  |/* -j-  (ch  25  —  cos  2r,)  £^(5^  ■»))  =  (sh{cos-r)Co$®i,-f> 

+ch  5  sin  k)  sin  &0)  exp  [— i  Kh  (ch  { cos  t)  cos  &0-j-  sh  5  sin  y|  sin  &,)]+ 
00 

+  i|r  S  ^>Men’  9)cefl(Tj.  q)ztn(K  q)  + 

n= 0 

+  s"y  Ne';>  (S,  q)  se„  (ij,  9)se.(».,  <?)}•  (1.55) 

Parallel  polarization  (£): 
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£f(8,  t>J  =  exp[— iKA(chScost)cosft,-|-sh8sinT)sin  ft,))  — 
-2f  (Cf  Me*1^,  q) ce„ (ij,  q) cen(»„  <7)  + 

n=0 

-f  S^Ne'j'd,  </)sen(t),  q)  sen(ft„  <?)};  (1.56) 

Z./4-(ch2S-cos2^)^(5.  1)  = 

=«(ch  8  sin  tj  cos  ft,—  sh  8  cost)  sin  ft,)  exp  [— i  xh  (ch  8  cos  t)  cos  ft,-)* 
-}-  sh  S  sin  n  sin  ft,)]  — 

00 

-figr  2  {cf  Me™  ft  7)  ce'„  ft.  <7)  cen  (ft,,  q)  + 

-f^Ne^d,  q)  se'„  (tj,  <7)sen(ft„»  9)}.  (1.57) 

Z.y±-(ch 28 -cos 2,)//^,  r()  = 

=  (sh  8  cos  t)  cos  ft, + chi  sin  t  sin  ft,)  X 
X  exp  (—  i  kA  (ch  8  cos  1  cos  ft,  +  sh  8  sin  t|  sin  ft,)]  -(- 

+,4r2c<*’Me(-,,,(5’  *>“"<*•’  «>  + 

flsO 

-j-S^'Ne^'d.  <7)sen(t|.  q)sen  (ft,.  <7).  (1.58) 

Page  27. 

In  expressions  ( 1 . 53 )-( 1 • 58 ) : 
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C"= 


Ce;  (%.,  q) 


*  q)  ' 

^d) _  SeB  (s«  ■  1) 

"  s.^1'  (5 ,.q)  ’ 

£<:>_  Ce„  (|t,  q) 

*  PnMeJJ1  (I.,  q)  < 
5<2)_  Sen  q)  , 

"  s,,  NeJ,1’  (5,.  q) 


Pn  = 


(^ce«™(0’  ?).  ecjiH  n  —  2m 

Vj[A?m+l>  Ce,",+  I^’  ^ce,m+»^T'’ 


S*  — * 


VJLA~ 

earn  n  —  2m-\-\\ 

»m+» (0*  aw+t  ^”2"’  /t  —  2 /R, 

j^jjSm+1)  se,«*+‘  (0>  <7)se»«H  1  ^“5"»  4^* 

earn  n  =  2/n-f-  U 


Key:  (1).  if. 

t,  i|—  the  coordinate  of  observation  point  in  the  elliptical 
coordinate  system,  shown  in  Fig.  1,7; 

I,  -  value  of  coordinate  £,  which  corresponds  to  the  surface  of 
elliptical  cylinder; 


G,  -  angle  of  incidence  in  the  plane  wave; 


q»(kh)l/4,  2h  -  distance  between  the  foci  of  elliptical  cylinder 
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C8»(i,?).  9e,(t|,<7)  —  angular  Mathieu  functions; 

Ce„(«,  q),  Se,(E.  q),  Me" '(5,  q) 

-  radial  Mathieu  functions  of  the  first  and  third  orders, 

-  the  first  Fourier  coefficients  in  the  expansions  of  the  angular 
functions 

ce„»(*|,  q),  cetm+,  (tj,  q),  seiw+i  (tj,  q), 

*!»»♦«  (i.  q) 

in  the  series/rows  of  the  trigonometric  functions. 


Page  28. 


Primes  in  the  preceding  expressions  noted  the  derivatives  of 
angular  and  radial  functions  of  rj  and  $  respectively. 

Diffraction  of  plane  wave  on  the  sphere. 

The  solution  of  the  problem  of  diffracting  plane  electromagnetic 
wave  on  ideally  conducting  sphere  [21]  is  convenient  to  represent 
with  the  aid  of  potentials  P  and  Q,  introduced  by  Foch  [22]. 
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Pig.  1.8.  To  scattering  of  plane  wave  on  the  sphere. 


Page  29. 

If  plane  wave  falls  on  the  sphere  in  direction  z<0  (Fig.  1.8)  and  it 
has  components 

E1,  —  —  ZJi‘f  —  e~ 1 ", 

the  components  of  the  diffraction  field  E,  are  expressed  as  follows 
[231: 
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Er  —  cos  ?  -(-  K' (r 

(1.59a) 

E *  COS7{T-3r(r-55T  1  *  tin 0  da)}1 

(1.596) 

"{farifSh'-S}. 

(1.59b) 

//r  =  _sin?^+ft*)(r^; 

(1.59r) 

//#  =  sm?|.*iJo9^  J  dr(r4J-)}; 

(1.59a) 

£f=cos?|./c  oftl  rsina  dr  (r^)}; 

(1.59e) 

P  ~~  i  Or  n  (n  +  1)  (  [  V»  ( Kr ) 

— £^C.(«r)]/y<c«*). 

Q  =  H?7S«(ntl)  <  •)" [♦»(*')  — 

From  the  latter/last  expressions  it  follows  that: 

£r=cosrA,(t);  £,  =  cos  ?©'(•);  £f  =  —  sin  ?*'(»), 

//,=:  —  sin f /?(&);  //,  =  sin (&);  //f  =  cos?®(&). 

In  expressions  (1.59)  and  (1.60): 

r,  e,  <p  -  the  coordinate  of  observation  point  in  the  coordinate 
system,  shown  in  Fig.  1.8; 

a  -  radius  of  sphere; 

/McosO)  — 

/\  Legendre's  complete; 
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-  spherical  Bessel  and  Hankel  functions. 

Page  30. 

Methods  of  the  solution  of  the  problems  of  diffraction  on  the  bodies 
of  complex  form. 

The  results  of  performance  calculations  of  radiation  of  surface 
antennas,  led  in  chapters  3-9,  are  obtained  in  essence  with  the  aid 
of  precise  methods.  However,  the  bodies  on  which  are  arranged/located 
surface  antennas,  frequently  have  very  complex  layout,  and  then  does 
not  succeed  in  obtaining  exact  solution.  In  connection  with  this 
special  importance  acquire  the  approximate  and  numerical  methods  of 
the  theory  of  diffraction. 

From  the  point  of  view  of  practical  calculations  the  simplest 
approximate  method  of  the  solution  of  problems  of  the  type  in 
question  is  Kirchhoff's  method  [24],  at  base  of  whom  lie/rest  the 
representations  of  geometric  optic/optics.  Let  at  point  Q,  distant  up 
to  the  arbitrary  distance  from  surface  of  S  of  cylindrical  body,  be 
placed  the  radiation  source,  which  creates  field  with  polarization 
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or  £|(.  Let  us  designate  U  unique  component  of  diffraction  field 
in  the  direction,  parallel  to  the  axis  of  cylindrical  body  (£/»//,— 
for  polarization  •  Evu=E,  -  for  polarization  The  precise  value 

U(P)  at  observation  point  P  can  be  calculated  by  the  formula  of 
Kirchhoff  [24]: 


U(P)  =  U.(P,  Q) 


(1.61) 


where  U0(P,  Q)  -  the  field  of  radiation  source  at  observation  point; 
U,=0,  if  point  P  is  located  in  the  shadow  zone;  p  -  distance  between 
the  point  on  surface  of  S  and  precise  of  observation;  ne—  external 
normal  to  the  surface  of  S. 


If  points  P  and  Q  are  located  in  the  plane,  perpendicular  to  the 
axis  of  cylindrical  body> 

V  « = v.  (P,  Q)  -  4  f  (u  '  «3>  M  -  «;•  («p) » }  a, 

L 

(1.62) 

where  L  -  duct/contour  in  the  section  of  surface  of  S  by  the  plane, 
passing  through  points  P  and  Q. 

Page  30. 

Formulas  (1.61)  and  (1.62)  show  that  for  a  strict  calculation  of 
value  U(P)  it  is  necessary  to  know  the  precise  values  of  U  and 
dU/dn,  on  the  body  surface.  However,  if  surface  S  has  complex  form, 
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the  precise  values  U  and  dU/dn,  cannot  be  found. 

The  method  of  Kirchhoff,  which  makes  it  possible  to  find 
approximate  value  u(P),  consists  in  the  fact  that  values  U(F)  and 
dU(F)/dn,  at  each  point  F  on  the  illuminated  part  of  surface  S  of 
opaque  body  take  as  the  equal  ones  to: 

U(F)=u(F), 

SC^-SE-tf).  (>•«> 

where  u(F)  -  field  on  plane  2,  tangent  to  surface  of  S  at  point  F. 

If  point  F  is  located  in  the  shadow  zone, 

U{F)  =  £-'V(F)  =  0.  (1.64) 

During  computation  U(F)  and  dU(F)/dn,  according  to  formula  (1.63)  it 
is  assumed  that  electromagnetic  field  on  plane  s  satisfies  the  same 
boundary  conditions  as  on  surface  of  S.  We  gave  the  fundamental 
principles  which  will  be  required  subsequently  for  the  calculations 
according  to  Kirchhoff’s  method  (see  Chapter  5).  The  detailed 
presentation  of  Kirchhoff's  method  the  reader  can  find,  for  example, 
in  the  book  of  Baker  and  Copson  [24]. 

If  the  conductive  body  on  which  is  located  surface  antenna,  is 
limited  by  arbitrary  convex  surface  with  the  radii  of  curvature, 
greater  in  comparison  with  the  wavelength,  the  antenna  radiation 
patterns  can  be  designed  with  the  aid  of  the  relationships/ratios. 
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given  in  Foch’s  works  [15,  16].  Let  us  give  the  short  presentation  of 
the  results  of  these  works  in  the  form,  convenient  for  the  solution 
of  the  problem  about  the  surface  emitter. 

Let  to  the  arbitrary  convex  body  (Fig.  1.9),  the  surface 
curvature  of  which  is  changed  continuously,  from  the  direction  <p  in 
plane  xOy  fall  plane  wave.  Let  us  accept  for  simplicity,  that 
tangential  plane  to  the  body  at  the  points  for  which  z*0,  is  parallel 
to  axis  Oz.  The  section  of  this  body  by  plane  xOy  forms  certain  the 
curve  L(s) . 

Page  32. 

Parameter  s  -  the  arc  length,  calculated  off  the  origin  of 
coordinates  along  by  the  curve  L(s),  moreover  s  increases  with  an 
increase  in  coordinate  y.  We  will  as  before  examine  two  polarizations 
£x  and  Point  s,  (Fig.  1.9)  divides  the  curve  L(s)  into  two 
parts,  one  of  which  is  located  in  the  region  of  light/world,  and 
another  -  in  the  shadow  zone.  In  work  [15]  it  is  shown  that  the 
magnetic  field  on  the  surface  of  conductor  at  any  point  s  curved  L(s) 
has  the  following  value. 

Polarization  £ : 

#.  =  #•*(!)«'  (1.65) 
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Polarization  £  ; 

‘  (1.66) 

In  expressions  (1.65),  (1.66): 

=  k/2£*|s—  s.  I; 

H,  -  magnetic  intensity  of  the  incident  wave  at  the  point  of  contact 
of  tangency  s, 1 ; 

R  -  radius  of  curvature  of  surface  of  the  scattering  body  in  the 
section  by  plane  xOy. 

FOOTNOTE  1 .  If  the  curve  L(s)  locked,  on  it  is  two  end-points  s,.  in 
this  case  in  formulas  (1.54),  (1.55)  must  be  considered  only  that 
point  s,  which  is  nearer  to  point  s.  ENDFOOTNOTE. 
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Fig.  1.9.  To  scattering  of  plane  wave  on  tne  convex  body. 

Page  33. 

The  sign  of  the  parameter  £  is  negative,  if  the  incident  wave 
illuminates  point  s,  and  positive,  if  point  s  is  located  in  the 
shadow.  Functions  f(|)  and  g(£)  are  expressed  as  Airy's  integral  w(t) 
[25]  according  to  formulas  [15]: 


TWd%i 

(1.67) 

c 

eU’  ^ 

(1.68) 

The  duct/contour  of  integration  C  is  formed  by  two  line  segments  on 
the  plane  of  complex  variable  z*x+iy: 

2«  1 

arg z=  -j-  ngw  *<0, 
argz  =  0  npH  x>0. 


Key:  (1).  with. 
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With  {<0  for  calculating  the  values  H,  and  H,  according  to  formulas 
(1.65),  (1.66)  it  is  convenient  to  use  functions  F({)  and  by  G({), 
connected  with  f(£)  and  g(£)  with  the  relationships/ratios: 

Fd)  =  eT/(5); 

4 

0(«)  =  e  3  «(*)• 

Functions  F(£),  G(£)  are  slowly  changing  with  {<0  (shadow  zone).  With 
?>0  (region  of  light/world)  slowly  are  changed  functions  g(£)  and 
f  (?) . 


Thus,  if  antenna  is  located  directly  on  the  surface  of  the 
convex  conductive  body,  formula  (1.65),  (1.66)  together  with  the 
reciprocity  theorem  [expression  (1.6)]  they  make  it  possible  to 
calculate  the  antenna  radiation  patterns.  Examples  of  this 
calculation  are  given  in  chapter  6  and  7. 

Together  with  the  methods  of  the  solution  of  the  problems 
examined  about  the  surface  emitters  wide  application  find  the 
approximation  methods  of  the  physical  theory  of  diffraction  [26].  In 
chapter  7  is  given  an  example  of  the  calculation  of  the  radiation 
patterns  of  surface  antenna  in  the  approximation/approach  of  the 
physical  theory  of  diffraction. 
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Page  34. 

With  the  development  of  computational  technology  ever  more 
effective  use  find  the  numerical  methods  of  the  solution  of 
diffraction  problems.  With  the  aid  of  the  contemporary  computational 
means  it  is  possible  to  investigate  the  problem  of  diffraction  on 
arbitrary  axially  symmetrical  body  [27].  Are  developed  the  numerical 
methods  of  the  solution  of  the  incorrectly  stated  diffraction 
problems  [28].  The  series  of  problems  of  diffraction  on  the  tolites, 
limited  by  coordinate  surfaces,  is  solved  with  the  aid  of  the  "method 
of  join"  [29]. 

In  conclusion  it  should  be  noted  that,  if  the  examined 
approximate  methods  of  the  theory  of  the  diffraction  are  applicable 
during  the  calculation  of  the  fields,  which  diffract  on  the  bodies 
with  the  sizes/dimensions,  greater  in  comparison  with  the  wavelength, 
the  numerical  analyses  of  diffraction  problems  are  virtually  realized 
and  therefore  they  are  advisable,  if  sizes/dimensions  body  are 
compared  with  the  wavelength.  Thus,  the  methods  indicated  supplement 
each  other  and  make  it  possible  to  investigate  the  problems  about  the 
emitters,  which  are  located  on  the  bodies  which  have  fairly 
complicated  layout  and  virtually  arbitrary  sizes/dimensions. 


j 
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2. 

TRAVELING-WAVE  ANTENNAS  IN  FREE  SPACE. 

Among  the  surface  antennas  important  place  occupy  the 
traveling-wave  antennas,  which  is  connected  with  the  possibility  of 
formation  with  such  antennas  of  diagrams  with  the  sufficiently  high 
directivity  with  the  retention/preservation/maintaining  of  form  and, 
consequently,  also  the  aerodynamic  properties  of  flight  vehicle. 
Before  beginning  the  study  of  surface  antennas,  let  us  examine  the 
radiation  characteristics  of  traveling-wave  antennas,  which  are  found 
in  the  free  space.  This  is  necessary  in  order  to  rate/estimate 
subsequently,  as  affects  the  surface  of  object  the  radiation 
characteristics  of  antenna. 

Page  35. 

The  study  of  traveling-wave  antennas,  as  any  antennas,  it  can  be 
broken  into  two  stages,  the  connected  with  the  solution  internal  and 
external  electrodynamic  problems.  The  solution  of  internal  problem 
sets  as  its  goal  the  determination  of  amplitude-phase  field 
distribution  in  antenna  aperture.  During  the  solution  of  exterior 
problem  is  designed  antenna  radiation,  which  corresponds  to  obtained 
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field  distribution  in  the  aperture.  Strictly  speaking,  the  exact 
solution  of  the  problem  about  antenna  radiation  can  be  obtained  only 
via  the  join  of  the  solutions  of  internal  and  exterior  problems  on 
the  surface  of  aperture.  However,  in  practice,  as  a  rule, 
successfully  is  utilized  the  approximate  method  of  the  separate 
solution  of  these  problems  [30]. 

In  the  antenna  to  technology  are  encountered  different  varieties 
of  traveling-wave  antennas,  based  on  the  use/application  of  slotted 
[31],  dielectric  [33],  flanged  [54]  and  other  structures.  In  present 
chapter  are  investigated  the  general/common/total  properties  of 
traveling-wave  antennas  irrespectively  of  the  methods  of  their 
design.  Are  examined  only  line-source  antennas  with  continuous  field 
distribution  in  the  aperture. 
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Fig.  2.1.  Line-source  antenna.  Coordinate  system. 

Page  36. 

2.1.  Radiation  patterns  and  the  directive  gain  of  line-source 
antennas. 

Diaganuna  of  the  directivity  of  linear  traveling-wave  antenna 
with  a  length  of  L  (Fig.  2.1)  with  field  distribution  in  the  aperture 

a^e1"  (2.1) 

is  determined  by  the  expression 

F(b,  T a(z)e* a"*)' dz.  (2.2) 

"-i/s 

Introducing  the  standardized/normalized  coordinate  £»2z/L  and  the 
generalized  variable/alternating 
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^^(A-eo.*),  (2.3) 

(‘=4) 

it  is  possible  to  represent  diagram  (2.2)  in  the  universal  form 

F{l)=-r  (24) 

Radiation  pattern  by  the  power 

p (0  =  (4)*  |  e™**1' d\x<R  (2-5) 

characterizes  the  dependence  of  the  amounts  of  the  emitted  power  from 
the  direction  of  radiation/emission.  During  the  analysis  of 
dependence  p(d)  on  the  angular  coordinate  should  be  used  the  formula 

*»t«TfcCW^A  —  gCj.  (2.6) 

The  exemplary/approximate  form  of  diagram  (2.5)  is  depicted  in  Fig. 
2.2.  The  region  of  angles  0«fc£jr,  within  limits  of  which  is 
arranged/located  the  real  antenna  radiation  pattern,  corresponds  to 
change  by  the  variable/alternating  t  within  limits  of  t,£t£t,+kL, 
where 

f,«£>-l).  '  (2.7) 

Page  37. 

In  Fig.  2.2  are  noted  the  limits  of  changes  t,  which  correspond  to 
real  diagrams  for  three  values  of  the  parameter  A:  t',  corresponds  to 
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the  case  A<1,  t,*0-A*l  and  t"  ,-A>l.  In  the  first  two  cases  the 
maximum  of  radiation  pattern  occurs  with  t*0  f  i  •  0  •  f  Qmax  *  arc  cos  A*  In 
third  case  (A>1),  when  the  excitation  of  antenna  is  conducted  by  the 
deferred-action  wave,  radiation  pattern  reaches  maximum  with  t*t,. 
Further  increase  in  the  parameter  A  can  lead  to  the  fact  that  t,  will 
exceed  the  limits  of  major  lobe  of  diagram  (2.5);  however,  this  case 
will  not  be  examined.  Thus,  the  standardized/ normalized  radiation 
pattern  (2.5)  in  entire  interesting  us  range  of  a  change  in  the 


parameter  A  takes  the  form 


where 


(2.8) 


Key:  (1).  with. 


A<1, 
A  >  I. 


The  value  of  phase  wave  velocity,  which  excites  aperture,  is 
conveniently  characterized  by  the  parameter 

which  we  will  call  supplementary  phase  change. 


(2.9) 
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Fig.  2.2.  Radiation  pattern  of  line-source  antenna. 

Page  38. 


Actually/really,  for  the  deferred-action  waves  a  it  is  equal  to  the 
value  expressed  in  the  portions  ir  of  supplementary  (with  respect  to 
the  electrical  length  of  aperture)  phase  change  of  the  wave,  which 
excites  aperture.  For  the  antennas  with  the  deflected  from  the  axis 
ray/beam  the  parameter  <r<0. 

The  directed  properties  of  antenna  it  is  accepted  to 
characterize  [35]  by  the  directive  gain  (derictive  gain),  equal  to 

l.  ,2.10) 

where 

total  power  emitted  by  antenna.  Taking  into  account  the  axial 


(2.H) 
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symmetry  of  the  linear  system  of  isotropic  emitters 

p-.=Sr  f  />»<«- 

i 

-■£- 17  <*.)-/ (*.  +  **•)  1.  (2-12) 

where  /|(,)  =  J  p  (/)  </*. 

* 

Substituting  in  (2.11)  the  expression  for  the  diagamma  of  directivity 
(2.5),  it  is  possible  to  obtain  under  the  assumption  of  smallness  of 
change  of  the  amplitude  function  a (£)  in  the  interval  |~-X/L  the 
relationship/ratio,  which  connects  Pt  with  amplitude  and  phase  field 
distribution  in  the  aperture 

I 

{<*»(*)/( t  A)di,  (2.13) 

■—I 

where 

4)“5r{Si[-r',+«]+a[-r<|-«]- 

-Si[-f  <l-H)]-S([-jj-<l-S)]};  (2.14) 

ussskL(b  —  l)  =  «s;  o  =  «L(A-j"  l)==1w"}_2«i~ 

Page  39. 


For  kL»l  with  a<0,  which  corresponds  to  the  ray/beam  deflected  from 


the  axis,  expression  (2.13)  substantially  is  simplified 


p--  («*) 
2  nA 


(2.15) 


For  the  uniform  amplitude  distribution  a({)*l  function  j  in  (2.13)  is 
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numerically  equal  to  relation  pr(nL)iPt( oc).  The  graph/diagram  of 
dependence  of  j  on  A  and  1-L/A  is  depicted  for  this  case  in  Fig.  2.3. 
Thus,  values  p(tmax)  and  PItand,  consequently,  directive  gains  (2.10) 
are  the  functions  of  phase  velocity.  With  the  increase/growth  A  from 
0  to  1  directive  gain  value  K  increases  approx imately/exemplarily 
doubly.  With  further  increase  A  the  directive  gain  at  first 
grows/rises,  while  with  the  value  of  the  parameter  A,  that  exceeds 
certain  optimum  value  Abn.  sharply  it  decreases. 

From  (2.13)  it  is  evident  that  the  directive  gain  of  antenna 
with  the  uniform  amplitude  distribution  with  <7=0  and  kL>>l  is  equal 

t0  * 

*  =  \-kL. 


(2.16) 
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Fig.  2.3.  Graph/d iag ram  of  dependence  j(A)  for  the  different  values 
of  1-L/X. 
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Subsequently  we  will  examine  the  standardized/normalized  values  of 
the  directive  gain. 

*a*,j?7"s  P  2L*l’^  •  t2-17) 

For  sufficiently  long  antennas  kL>>l  and  o<0 


(2.18) 


For  the  antennas  of  finite  length,  which  radiate  along  axis  (o^O),  we 
obtain  approximation  for  the  directive  gain,  after  dropping/omitting 
in  (2.12)  the  component/term/addend  of  I(t,+kL): 
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This  is  relationship/ratio  by  conveniently  its  universality,  since  k, 
actually,  depends  only  on  the  parameter  a  and  the  form  of  amplitude 
function. 
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If  is  examined  the  two-dimensional  problem  (sae  for  example, 
[32]),  the  directed  properties  of  antenna  it  is  possible  to 
characterize  "flat/plane"  by  directive  gain  Kx  and  by  amplification 
G,,  which  are  connected  with  (2.10)  and  (2.21)  the 
relat ionships/rat ios 

G,  =  *G.  (2.24) 

Approximation  for  the  width  of  radiation  pattern  on  the  angular  scale 
can  be  obtained,  expanding  in  series/row  formula  (2.6).  The  width  of 
radiation  pattern  on  zero  and  level  of  the  half  power  of  the 
line-source  antenna  with  the  even  distribution,  which  radiates  along 
axis  (<7«0),  is  equal  to 

(2.25a) 

and 

A*..,-  (2.256) 

Calibrated  to  A6,  the  width  of  radiation  pattern  on  certain  level 
p(tx)  for  the  diagrams  with  the  maximum,  oriented  in  the  direction 
t*0,  is  equal  to 
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*»='SI7i 


Key:  (1).  with. 


4.  yz p-4-  |/=ih5  „9<.< 

(2.26) 


where  coordinate  t,  is  the  direction,  which  corresponds  to  the 
assigned  level  of  diagram. 


t 
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2.2.  Line-source  antennas  with  symmetrically  collapsible/dropped 
amplitude  distribution. 

Let  us  assign  amplitude-phase  distribution  in  antenna  aperture 
in  the  form 

a  (z)  e,p*=  ( 1  +  ?  cos exp  [  ik  (l  -f  ^ j  z] .  <2.27) 

The  selection  of  distribution  (2.27)  is  justified  by  its  simplicity 
and  broad  class  of  the  distributions,  approximated  by  it,  which  are 
encountered  in  practice. 

The  standardized/normalized  to  p(0)  radiation  pattern  (2.8)  of 
antenna  with  selected  field  distribution  takes  the  form 

Pj(0=(-"7— j*(l  ~ ^ ■  (2-28) 

By  the  selection  of  the  corresponding  value  of  parameter  q  the 
minor  lobes  of  diagram  (2.28)  can  be  made  sufficiently  small. 
Therefore  the  delay/retarding/deceleration  of  the  wave  exciting 
aperture  proves  to  be  in  this  case  more  effective  than  in  antennas 
with  uniform  distribution. 
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According  to  formula  (2.19)  for  the  radiation  pattern  (2.28)  was 
produced  the  calculation  of  directive  gain  Jc.  Dependence  of  k  on  the 
parameters  o,  q  is  represented  by  the  lines  of  constant  value  k (a, 
q)=const  in  Fig.  2.4.  Limits  of  a  change  in  the  parameters: 

—  0,2<<?<  1. 

0<a<4. 

The  investigation  of  dependence  k(a)  for  q*0  is  carried  out  in  works 
[37,  38].  The  maximum  value  k=1.8  derictive  gain  of  uniform  grating 
it  reaches  with  <7» 0.94  [37]. 

The  drop  of  amplitude  to  the  edges  in  the  absence  of 
supplementary  phase  raids  (a*0)  leads  to  the  decrease  derictive  gain 
to  value  k=0 . 67  with  q*l.  Selecting  values  of  q  and  a,  it  is  possible 
to  considerably  increase  antenna  directivity. 

Page  43. 

With  <j*3.3  and  q=0.92  the  derictive  gain  of  line-source  antenna  it 
reaches  maximum  value  and  4.4  times  exceeds  derictive  gain  K,  of 
uniform  line-source  antenna  with  the  axial  radiation/emission  with 
<7*0.  In  Fig.  2.4  dotted  line  plotted/applied  curve  q(a),  on  which  the 
derictive  gain  reaches  maximum  at  the  assigned  value  of  phase  change. 
An  increase  in  the  relative  side-lobe  level  of  diagram  with  an 
increase  in  phase  change  a  is  illustrated  by  Fig.  2.5,  where  on  the 
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plane  a,  q  are  shown  the  lines  6(q,  o)» const  of  relative  level  of 
maximum  minor  lobe.  Comparing  Fig.  2.4  and  2.5,  it  is  possible  to 
select  parametric  domain  a,  q  uH-H'i  sufficiently  high  k  and 
permissible  sidelobe  level. 

The  standardized/normalized  width  of  diagram  on  zero  for  the 
range  of  values  to>-tl is  determined  by  formula  (2.26),  where  tx= 

* IV l  —q  with  q<0.75  and  ti  =  2x  with  q>0.75,  and  t,=wo/2. 
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Pig.  2.4.  Lines  of  level  the  relative  derictive  gain  k*const  on  the 
plane  of  parameters  q,  a. 

Page  44. 


The  standardized/normalized  width  of  diagram  on  the  level  of  the 
half  power 


x*-i=i,5z*=45trlrr 


for  t,>-tx  is  depicted  in  Fig.  2.6  as  lines  of  equal  level  on  plane 
q,  a.  In  the  right  side  of  the  figure  in  the  region  where  the 
regions,  where  the  minor  lobe  exceeds  basis,  curves  're  not 
plotted/applied.  Curves  of  Fig.  2.6  can  be  utilized  for  calculating 
the  width  of  diagram  and  in  the  case  of  the  rays/beams  deflected  from 
the  axis  when  t,<-tlr  after  assuming  in  formula  (2.26) 


X* 

*0,5 


(’  =  0). 
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Fig.  2.5.  Lines  of  level  of  relative  value  of  maximum  minor  lobe  5(q, 
a) -const. 


Key :  ( 1 ) .  dB . 


Fig.  2.6.  Lines  of  level  xm  (f,  <r)-c«ist  of  relative  width  of  diagram  on 
level  0,5*. 
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Fig.  2.7  gives  the  results  of  calculation  according  to  formula 
(2.23)  of  the  lines  of  level  of  coefficient  of  scattering  p(o , 
q)*const.  For  the  constant  amplitude  of  field  in  antenna  aperture 
(a=0)  the  coefficient  of  scattering  composes  lOo/o.  With  the 
increase/growth  a  value  p  sharply  grows/rises  due  to  an  increase  in 
the  side-lobe  level.  With  a  decrease  in  field  level  at  the  edges  of 
antenna  the  coefficient  p  decreases. 


« 

i 


4 
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Fig.  2.7.  Lines  of  level  of  coefficient  of  scattering  p*const  on  the 
plane  of  parameters  q,  a. 


Fig.  2.8.  Graph/diagram  of  dependence  derictive  gain  on  phase 
distribution  in  aperture  (q«0). 
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Analogous  calculations  for  the  fixed  values  of  the  length  of  antenna 
with  the  even  distribution  in  the  aperture  are  given  in  works  [30,  35 
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and  38]. 

Universal  character  investigated  is  above  parameters  k  and  p  is 
obtained  on  the  assumption  that  the  size/dimension  of  antenna  is 
sufficiently  great.  In  order  to  quantitatively  rate/estimate  error 
introduced  by  this  assumption.  Fig.  2.8  depicts  dependences  k»f(A) 
for  the  series/rov  of  the  values  of  the  length  of  antenna  with  the 
uniform  amplitude  distribution.  Fig.  2.9  shows  the  dependence  of 
relation  km/k  on  a,  where  is  determined  from  formula  (2.19).  From 
these  graphs/curves  it  follows  that  already  with  1=lJk>3  for  o*0 
approximate  values  derictive  gain  in  practice  do  not  differ  from 
precise  ones.  With  an  increase  in  phase  change  a  an  error  in  the 
computation  derictive  gain  as  a  result  of  a  relative  increase  in  the 
minor  lobes  somewhat  increases.  With  the  drop  of  the  amplitude  of 
field  the  error  sharply  descends,  which  is  caused  by  the  decrease  of 
the  value  of  minor  lobes. 

2.3.  Line-source  antennas  with  the  exponential  amplitude 
distribution. 

Exponential  amplitude  distribution  e-K*+us>  is  simplest  and 
easily  realized  in  practice. 


£a 

k 

0,8 

0,6 

OS 

0  OS  0,8  1,2  1,6  <S 

. 

Pig.  2.9.  Graph/diagrams  of  the  dependence  of  relation  on  phase 
change  a  with  q*0. 

Page  47. 

This  distribution  is  observed  in  the  simplest  traveling-wave 
antennas,  which  consist  of  the  identical  emitters  with  the  series 
excitation.  With  this  is  connected  the  wide  application  of  such 
antennas  [30,  38,  40].  Most  fully  the  properties  of  antennas  with 
exponential  field  distribution  in  the  aperture  are  investigated  in 
work  [38]. 

Let  us  assign  amplitude-phase  distribution  in  antenna  aperture 

(l  +  e*p[iS(l  +  ^j.)  ,]. 

(2.29) 

Parameter  S-6L/2  determines  the  degree  of  the  drop  of  the 


amplitude  of  field  to  the  edge  of  antenna.  The 
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standardized/normalized  to  value  of  p(0)  radiation  pattern  (2.8)  in 
this  case  takes  the  form 

'P'W-innr-—* F7^  (2-30) 

The  exponential  drop  of  amplitude  in  the  aperture  leads  to  the 
expansion  of  diagram,  to  "floating"  of  zeros  and  to  the  increase  of 
side-lobe  level.  With  s>l.l  the  diagram  becomes  mohotonically 
decreasing  function  t.  Relative  directive  gain  was  designed  from 
formula  (2.19)  taking  into  account  (2.30).  The  results  of  calculation 
are  given  in  Fig.  2.10  in  the  form  of  the  lines  of  level  k(a, 
s) -const.  At  the  low  values  of  s  lines  k-const  are  parallel  to  axis 
s.  This  means  that  a  change  in  the  level  of  lighting  the  edge  of 
antenna  over  wide  limits  (0-5  dB)  weakly  affects  its  directive  gain. 
With  an  increase  a  in  the  derictive  gain  at  first  it  increases,  and 
then  rapidly  drops.  In  contrast  to  the  case  of  the  symmetrically 
collapsible/dropped  distributions,  the  maximum  directive  gain  during 
the  use  of  supplementary  phase  change  will  be  with  s-0. 


Side-lobe  level  with  an  increase  in  value  o  grows/rises.  Dotted 
line  in  Fig.  2.10  depicted  the  lines  of  the  constant  value  of  the 
level  of  the  first  minor  lobe  (with  respect  to  the  power  in  the 
principal  maximum). 


Page  48. 
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For  the  antennas  with  exponential  field  distribution  in  the 
aperture  it  is  not  difficult  to  calculate  the  power,  which  enters  the 
load  and,  consequently,  also  the  efficiency  (2.20).  Without  taking 
into  account  losses  in  antenna  itself  efficiency  it  is  equal  to 

i)=l—  e-"*.  (2.31) 

Relative  factor  of  amplification  g=r\k  characterizes  the  directed 
properties  of  antenna  taking  into  account  power  losses  in  the  load. 
The  results  of  calculating  the  value  g (a,  s)  are  shown  in  Fig.  2.11. 
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The  value  of  the  optimum  phase  change  is  close  totf=0.9» 

From  Fig.  2.11  it  is  possible  to  determine  the  drop  of  amplitude, 

optimum  for  the  assigned  value  o  on  the  edge  of  aperture,  which  makes 

it  possible  to  obtain  the  greatest  amplification  factor.  Maximum 

factor  of  amplification  G~5.ll  is  obtained  with  a»0.85;  s-»0.5. 

2.4.  Energy  calculation  of  traveling-wave  antennas. 

The  energy  method  of  calculation  extensively  is  used  for 
determining  the  fundamental  parameters  of  traveling-wave  antennas.  In 
particular,  this  method  makes  it  possible  to  determine  amplitude 
distribution,  if  is  known  the  function  of  the  radiating  capacity 
([36,  39,  41])  and,  on  the  contrary,  gives  the  possibility  to 
determine  the  distribution  of  radiating  capacity  along  the  antenna, 
the  ensuring  assigned  amplitude  distribution  ([36,  41-44]).  This 
method  is  sufficiently  to  general/common/total  ones  and  is  applicable 
to  any  types  of  antennas  with  the  series  excitation.  The  energy 
method  of  calculation  of  traveling-wave  antennas  is  approximation 
method.  It  does  not  consider  interaction  of  separate  emitters  or 
radiating  sections  of  antenna.  Nevertheless  for  the  antennas  with  a 
smooth  change  in  the  amplitude  distribution  and  the  radiating 
capacity  according  to  the  aperture  this  method  gives  good  results. 

Let  us  examine  antenna  with  the  phase  distribution,  which 
corresponds  to  the  traveling  wave.  Each  element/cell  of  antenna 
aperture  dz  emits  energy  dWt,  proportional  to  radiating  capacity  I(z) 
and  power  of  the  exciting  wave  W(z)  in  section  z  of  antenna  (Fig.  - 
2.12) . 
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Fig.  2.12.  On  the  calculation  of  continuous  traveling-wave  antenna. 
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Let  us  assume  that  the  distributed  ohmic  losses  in  the  antenna  are 
described  by  function  Q(z),  and  the  power  absorbed  by  element/cell  dz 
is  equal  to  dW9.  In  this  case  power  W(z)  in  the  antenna  decreases  on 
element/cell  dz  to  value  dW=dWt-{-dW^  equal  to 

(*)  =  -  (/  (2) + Q  (z)j  r  (r)  dz.  (2.32) 

We  will  consider  that  the  matched  input  of  antenna  enters  the  single 
power 

«r  ( — §-)—i-  f2-33* 

The  solution  of  differential  equation  (2.32)  taking  into  account 
boundary  condition  (2.33)  is  the  function 

i 

w d)  =  expj — Y  jV  &>+<*  <WI <««}•  (2.34) 

where  $»2z/L. 

The  density  of  distribution  of  radiated  power  according  to  antenna 
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aperture  (i.e.  the  square  of  amplitude  distribution)  is  equal  to 

product  of  W(f)  times  the  radiating  capacity  I({): 

/>  (5)  =  a*  (*)  =  /(*)  IF  (5)  = 


=/(!)exp{— L  {l/W+QWIdli}.  (2.35) 

—I 

The  density  of  distribution  of  power  losses  along  the  antenna  can  be 
found  from  the  relationship/ratio 
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=Q(«)exp|— j[/ (*,)+<? &>!<«.}• 


(2.36) 


Complete  emitted  power  Pt  and  power  of  losses  in  antenna  Pr  can 
be  found  with  the  integration  of  functions  (2.35)  and  (2.36)  of 
entire  aperture: 


i 


P.—r  {/>(«)<«; 

—l 

(2.37) 

1 

*V-r  j  **«>*• 

—i 

(2.38) 

It  is  simple  to  be  convinced  of  the  fact  that  talcing  into  account  the 
power,  which  goes  into  the  load 

I 

PH=IF(l)  =  exp[-i-  Jj|/ (?)+<? (*)!<«}.  (2.39) 

is  made  the  equation  of  the  energy  balance 

+  +  (2-40) 

Function  of  the  radiating  capacity  to  conveniently  represent  in  the 
form 

/  (5)  =  /,£,(*).  (2.41) 
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The  amplitude  of  a  change  in  radiating  capacity  I({)  is  determined  by 
the  amount  of  the  power ,  which  enters  the  load,  and  is  equal  at  the 
losses  Q(J) =const  constant  along  the  length  of  antenna  to  value 


/.= 


2r  +  In  PH 


where 


T 

—I 

T  4«' 


(2.42) 


Let  us  examine  now  inverse  problem,  i.e.,  let  us  calculate  the 
distribution  of  radiating  capacity  along  the  traveling-wave  antenna, 
the  ensuring  assigned  amplitude  distribution  in  the  aperture.  The 
investigation  of  the  dependence  of  radiating  capacity  from  field 
distribution  in  the  aperture  is  carried  out  in  works  [36,  41-44]. 
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For  determining  the  function  I(£)  we  will  use  the  equation  of  energy 
balance  (2.40)  and  equality  to  I (z)W(z)»p(z) ,  where  p(z)  -  the 
density  of  distribution  of  the  emitted  power  according  to  the 
aperture.  Thus  we  obtain  linear  differential  first-order  equation  for 
power  W({)  in  certain  section  of  the  antenna 
V  «+4 ' Q  ® w  — x  P  ©•  (2-43) 

The  solution  of  this  equation  taking  into  account  the  boundary 
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condition  W(-l)=l  for  the  uniform  loss  function  Q=27/L  takes  the  form 

r(!)  =  e-I(,+{)[l  -  —  jV(|)eT(,+',dlj.  (2.44) 

-i 

As  a  result  we  obtain  for  the  radiating  capacity  the  following 
relationship/ratio: 


/  ($—  gl6t-j 

W  V  (5) 
Pit)  *7(Ut> 


-jpT*  j P (Ml*. -t\p «■) "  +t> <• 


(2.45) 


-•I 


In  this  expression  is  used  equality 


Function  1(f)  does  not  depend  on  the  absolute  value  of  the  function 
of  the  distribution  of  power  in  aperture  p(£).  The  efficiency  of 
antenna  in  the  presence  of  losses  in  it  is  connected  with  the  power, 
which  enters  the  load,  by  the  relationship/ratio 

-r  J*®* 

ti  =  ( 1  —  Prfp) - __d - ,  (2.46) 

4"  J*© 

which  is  obtained  from  equality  and  [see  (2.44)]. 

Page  53. 


To  constant  amplitude  distribution  in  the  aperture  in  the 
absence  of  losses  in  the  antenna  corresponds  the  radiating  capacity 

/  (*)=T — 2 — 5 - ■  (2.47) 

T-U  +5) 
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Dependence  L/2  1(f)  for  this  case  is  shown  in  Fig.  2.13  for  several 
values  of  *1=1  —  PH. 

2.5.  Antennas  with  the  symmetrical  law  of  a  change  in  the  radiating 
capacity. 

As  an  example  of  the  use  of  relationships/ratios,  obtained  in 
the  preceding/previous  paragraph,  will  examine  the  traveling-wave 
antennas  with  the  symmetrical  distribution  of  the  function  of 
radiating  capacity,  assuming/setting  by  the  1(f)  even  function.  Such 
antennas  possess  the  complete  symmetry  of  radiation  characteristics 
with  a  change  in  the  direction  of  propagation  of  the  wave,  which 
excites  aperture,  to  the  opposite.  Antennas  with  the  symmetrical 
functions  of  radiating  capacity  extensively  are  used  in  the 
technology  and  are  examined  in  the  series/row  of  the  works  (for 
example,  see  [45-47],  etc.). 
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Fig.  2.13.  Function  the  I(£),  which  ensures  uniform  amplitude 
distribution  in  the  aperture. 
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The  simplest  case  of  the  symmetrical  distribution  of  radiating 
capacity  is  I((-)=const.  Amplitude  distribution  in  this  case  is  the 
exponential  function 

*  (5)  =  K'T'.e— (2.18) 

where 

L 

«  =  —  /.. 

coinciding  with  distribution  (2.29),  examined  in  S2.3.  In  certain 
cases  the  decrease  of  the  function  of  radiating  capacity  e>(\)  of  the 
edges  of  aperture  can  lead  with  the  constant/invariable  o  to  the 
increase  derictive  gain  due  to  an  increase  in  even  component  of 
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distribution  aJ(£).  In  order  to  rate/estimate  the  effect  of  the  law 
of  a  change  in  radiating  capacity  (2.41)  to  the  radiation 
characteristics  of  traveling-wave  antenna,  let  us  examine  the 
function 


s.tj)-!-*!1 


(2.49) 
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calculated  under  the  assumption  kL>>l,  A<1  for  several  values  of 
parameter  b.  The  dependence  of  amplification  g  of  this  antenna  on 
parameters  b  and  a  is  depicted  in  Fig.  2.16.  As  can  be  seen  from 
figure,  the  parameter  a  affects  the  value  of  amplification  more 
strongly  than  b. 
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Fig.  2.15.  Graph/diagrams  of  the  dependence  derictive  gain  k  of 

antenna  with  radiating  capacity  I({)*I»(l~b{*)  on  o. 

9 

0, > 

0.3 

0,2 

0,1 

Fig.  2.16.  Graph/diagrams  of  dependence  of  amplification  g  of  antenna 
with  radiating  capacity  I ($)■!, (l-b{ * )  on  a. 
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The  optimum  value  g»0.4  amplification  reaches  with  o-0.55-0.85 
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In  order  to  rate/estimate  the  effect  of  the  form  of  the  function 
?«(0  on  the  radiation  characteristics  of  antenna,  let  us  compare 
derictive  gain  and  relative  antenna  gains  in  three  cases  (Fig.  2.17). 
From  the  examination  of  Fig.  2.17  it  follows  that  the  fundamental 
characteristics  of  antenna  (derictive  gain  and  amplification)  weakly 
depend  on  the  form  of  the  function  of  the  characterizing  the  law 
of  change  radiating  capacity  from  the  center  of  antenna  of  its  edges. 


(continuous)  and  amplification  g 
different  functions 
/>  i.  <i>  - 1  -w  lu,  to  =  ■'-*■"+'7  **■ :  *>«.«>- 1  -» m. 


dependence  derictive  gain  k 
(dotted  line)  on  parameter  b  for 
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3. 

RADIATION  CHARACTERISTICS  OF  ANTENNAS  LOCATED  ON  THE  SURFACE  OF  A 
HALF-PLANE. 

In  present  chapter  is  examined  the  effect  of  the  edge  of 
flat/plane  screen  on  the  radiation  pattern  of  surface  antenna.  The 
analysis  of  the  characteristics  of  emitters,  which  are  located  on  the 
half-plane,  has  great  practical  value  for  calculating  the  antennas, 
arranged/located  on  different  aerodynamic  objects. 

Page  57. 

The  solution  of  the  problem  about  the  radiation/emission  from  the 
half-plane,  as  it  will  be  shown,  serves  as  a  good 
approximation/ approach  for  calculating  the  antennas,  which  are 
located  on  the  surfaces  of  more  complex  form  (key,  to  band,  to 
plate; ,  A  strict  solution  of  the  problem  in  question  is  important 
also  for  the  quantitative  evaluation/estimate  of  the  suitability  of 
different  approximate  methods  of  calculating  the  surface  antennas. 

For  the  first  time  the  problem  about  radiation  of  surface 

antenna  from  the  half-plane  for  the  case  of  perpendicular 

polarization  is  solved  in  [6],  In  [36]  is  presented  an  approximate 
solution  of  this  problem  for  parallel  polarization  which,  however, 
does  not  provide  the  possibility  to  rate/estimate  radiation 
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level  of  surface  antenna  along  its  axis.  The  series/row  of  the 
results  of  particular  character  is  obtained  in  work  [4],  At  the  same 
time  in  the  literature  is  absent  detailed  analysis  of  the  radiation 
characteristics  of  the  surface  traveling-wave  antennas,  located  near 
the  edge  of  half-plane.  In  connection  with  this  arfe  in  detail 
investigated  below  the  fundamental  characteristics  of  the  radiation 
pattern  (width,  the  direction  of  principal  maximum,  directive  gain) 
of  antenna,  which  is  located  on  the  half-plane,  is  substantiated  the 
approximate  method  of  calculating  the  radiation  pattern.  The  analysis 
of  radiation  characteristics  is  carried  out  for  two  fundamental 
polarizations  and  different  amplitude-phase  field  distributions  in 
the  aperture  of  surface  antenna. 

3.1.  Derivation  of  fundamental  formulas. 

Let  in  certain  section  of  the  flat/plane  ideally  conducting 
semi-infinite  screen  (Fig.  3.1)  be  is  assigned  the  tangential 
electric  field 

r<*<r+L  (3.1) 
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*  > 

or  r*i  x 

Fig.  3.1.  Radiating  aperture  on  the  half-plane. 
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We  will  examine  field  distributions  in  antenna  aperture,  which 
correspond  to  the  traveling  wave: 

E,.t  =  A{x)e~l>\  (3.2) 

where  A(x)  -  amplitude  distribution,  and  0*  -  phase  of  field  along 
the  antenna.  For  further  analysis  let  us  select  the  amplitude 
distributions  of  two  types  -  symmetrically  and  exponentially 
collapsible/dropped  to  the  edge  antennas  widely  utilized  in  practice: 

A (x)  =  1  —  q cos  2*"*~  r) - .  (3-3) 

A(x)  =  e-*<r+t-i|.  (3.4) 

After  using  relationships/ratios  (1.6),  (1.35)  and  (1.38)  and 
omitting  unessential  factors,  we  obtain  the  following  expressions  for 
the  radiation  patterns: 
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( t)=  J  [1  —  <7Cos2*(*— C)Jexp[— i*(a  + 

.  « 

+  /!)S]|l-f  /2 e~‘ T  /\ (f  /2S)1  dt,  (3.5) 
exp[— 2s(14-C  —  «)  — 


_i«  (,+/*)!  i(l-t-/2e  4ft(^2S)Jd«.  (3.6) 

,(0  =  c08x  j  ( 1  —  <7 cos 2* (S  — 
c 

« 

—  C)|  exp  I — i*  (a  + 1 *)  II  j— 2i*t  1 1  +  1^2  e  Ft  (t  26)  J  4. 

+exp[-«(4— y‘)J-^}dE-  (3J) 


In  expressions  (3.5)-(3.7)  are  introduced  the  designations: 


X  ..  r  -  int~k) 

L  —  .  L  «  ’ 

(3.8) 

(3.9) 

s  sa  &L/2. 

(3.10) 
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The  parameter  $  characterizes  the  relative  (in  portions  L) 
removal/distance  of  antennj  from  the  edge/fin  of  half-plane.  Value  a 
determines  supplementary  phase  change,  expressed  in  the  portions  ir  at 
the  length  of  antenna,  which  appears  as  a  result  of  a  difference  in 
phase  wave  velocity,  which  excites  antenna  aperture,  from  the  speed 
of  light.  The  degree  of  the  drop  of  the  amplitude  of  field  to  the 
edges  of  antenna  aperture  characterize  parameters  q  and  s. 
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The  examination  of  expressions  (3.5>— (3.7)  shows  that  during  the 
parallel  polarization  in  contrast  to  the  perpendicular  it  is 
impossible  to  avoid  parameters  t,  $,  a.  However,  for  the  antennas 
whose  length  L$.5X  within  the  limits  of  the  major  and  several  first 
minor  lobes  cos(<p/2)o«l  and  therefore  we  will  investigate  the 
function 

*i,(')= (3.ii) 

CO* 

depending  only  on  t,  $  and  a.  In  expressions  (3.5)  and  (3.7)  it  is 
possible  to  fulfill  integration,  as  a  result  of  which  we  obtain: 


(3.12) 


— i  ~ 

+e  4  [A. — M.4-^-.)  J}.  (3-13) 


where 
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o  =  9+f*; 
c+i 


!«(«+«)  *  <U 


(3.14) 

(3.15) 


It  is  not  difficult  to  ascertain  that  A„  is  expressed  as 
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In  the  case  of  narrow  slot  factor  cos<p/2  in  the  expression  for 
^  plays  the  significant  role  in  view  of  the  weak  directivity  of  the 
radiation/emission  of  slot,  and  therefore  radiation  pattern  ♦"„(*.) 
cannot  be  expressed  only  through  the  universal  parameter  t,.  - 

3.2.  Approximate  method  of  calculating  the  antenna  radiation  pattern, 
which  is  located  on  the  half-plane. 

Together  with  precise  relationships/ratios,  which  describe  the 
antenna  radiation  patterns,  that  are  located  on  the  half-plane,  can 
be  obtained  the  approximation  formulas,  convenient  for  the  practical 
calculations.  Let  us  show  this  based  on  the  example  of  antenna  with 
the  perpendicular  polarization.  Let  us  examine  range  of  values  t, 
close  to  t*0,  where  is  approximately  correct  the  relationship/ratio 

F,'<(  )/5S)  »  ( j/3.  f-3.20) 

Then  radiation  pattern  (3.5)  can  be  represented  by  the 
relationship/ ratio 

7.  a.  04*2/ e~*  TX 

C-M 

X  J  VfA  5  <rt.  (3.21) 

* 

where 


s+i 

f(q,  ,,  t)=  J  (3.22) 
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-  antenna  radiation  pattern  in  the  free  space. 

Comparing  function  (3.22)  with  integral  (3.21),  it  is  possible 
to  note  that  these  diagrams  are  characterized  by  only  factor  in 
the  amplitude  distribution. 

Page  62. 

It  is  at  the  same  time  known  that  the  amplitude  distribution  affects 
the  antenna  radiation  pattern  more  weakly  than  phase.  Taking  into 
account  that  factor  /•  in  the  interval  $<£<$+1  is  changed  weakly  and 
this  change  noticeably  decreases  with  the  increase/growth  $,  it  is 
possible  to  consider  approximately  that 

KT-yc;-/ (3-23) 

Taking  into  account  the  aforesaid,  we  convert  formula  (3.21)  to  the 
following  form: 

*  [l  +  (t  j/" 2  (c+ !))]/(?.  5,  t).  (3.24) 

Thus,  the  antenna  radiation  pattern  of  the  traveling  wave, 
arranged/located  on  the  half-plane,  can  be  approximately  represented 
as  the  product  of  the  antenna  radiation  pattern  in  the  free  space  to 
the  radiation  pattern  of  slot  on  the  half-plane,  placed  in  antenna 
aperture.  Analogous  confirmation  is  correct  for  the  antennas  with  the 
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parallel  polarization  of  the  exciting  field: 

*!.,-/(*•  (3-25) 

Approximations  (3.24),  (3.25)  are  obtained  under  the  assumption  of 
the  smallness  of  parameter  t  both  for  the  region  of  light/world  and 
for  the  shadow  zone.  As  is  shown  calculation,  the  field  of 
application  of  the  obtained  relationships/ratios  is  considerably 
wider.  In  Fig.  3.2  is  conducted  the  comparison  of  the  radiation 
patterns 

of  calculated  by  precise  and  approximation  formulas  for  L*5X,  <r* 0, 
q*0  and  $=0;  0.3.  From  the  figure  one  can  see  that  with  $*0  the 
difference  between  the  diagrams  is  noticeable,  but  already  with  $*0.3 
curves  barely  differ  from  each  other.  For  the  amplitude  distribution 
collapsible/dropped  to  the  edges  of  antenna  the  coincidence 
noticeably  is  improved. 
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The  obtained  approximation  formulas  allow  rap.ily  and  with  a 
good  accuracy  to  design  the  antenna  radiation  patterns  of  the 
traveling  wave,  arranged/located  on  the  half-plane.  Furthermore, 
these  formulas  make  more  demonstrative  the  character  of  the  effect  of 
the  edge  of  flat/plane  screen  on  the  radiation  pattern  of  surface 
antenna. 

3.3.  Antenna  radiation  pattern,  arranged/located  on  the  half-plane. 

According  to  precise  formulas  (3.12),  (3.13)  and  (3.17)  in  the 
electronic  computer  were  designed  the  radiation  patterns  of  surface 
antennas  for  the  different  values  of  the  parameters  a  and  $,  which 
lie  within  the  limits 

o<:<2, 

—  2  <  o  <  2. 

Calculations  were  performed  for  two  symmetrical  amplitude 
distributions  -  uniform  to  (q«0)  and  collapsing  to  the  edges  of 
antenna  to  lOo/o  according  to  power  (q*0.52),  and  also  for  the 
exponential  distribution  with 


0<s< l,  2. 
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We  will  examine  the  standardized/normalized  radiation  patterns 
according  to  the  power,  designed  depending  on  the  universal  parameter 
t  (3.9).  The  examination  of  diagrams  depending  on  t  will  make  it 
possible  to  utilize  results  calculations  for  tht  antennas  of  any 
length. 
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Fig.  3.2.  Comparison  of  the  radiation  patterns,  designed  by  the 
approximate  (dotted  curves)  and  strict  (solid  curves)  methods. 
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Nevertheless  we  will  assume  that 

L>2i,  (&26) 

2 

so  that  in  the  limits  of  the  major  lobe/lug  of  radiation  pattern  it 
would  be  possible  to  assume 

This  simplification  makes  it  possible  to  introduce  the  concepts  of 
the  universal  width  of  the  radiation  pattern  (At)  and  universal 
directive  gain  (K),  which  with  satisfaction  of  '-.nditions  (3.26)  are 
connected  with  the  true  values  of  angular  width  and  derictive  gain 
with  the  relationships/ratios: 


f~VTjT’ 

VLflK- 


Let  us  first  examine  the  general  character  of  the  antenna 


nr 
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radiation  patterns,  arranged/located  on  the  edge  of  half-plane,  and 
in  the  following  paragraphs  in  more  detail  let  us  pause  at  the 
fundamental  parameters,  which  characterize  directivity  of  antenna 
(directive  gain,  the  width  of  diagram,  the  direction  of  principal 
maximum) . 

The  antenna  radiation  patterns  of  the  traveling  wave, 
arranged/located  on  the  metallic  half-plane  near  its  edge,  have  a 
series/row  of  characteristic  features,  which  depend  on  the  parameters 
a  and  5  (Pig.  3.3  and  3.4).  The  effect  of  the  relative 
removal/distance  of  antenna  from  the  edge/fin  $  we  investigate  with 
ff=*0 .  Generai/common/total  for  the  diagrams,  shown  in  Fig.  3.3  and 
3.4,  is  the  divergence  of  the  principal  maximum  of  radiation/emission 
from  the  axis  of  antenna  and  the  monotone  drop  of  diagram  in  the 
shadow  zone. 

For  the  perpendicular  polarization  (Fig.  3.3)  is  characteristic 
sufficiently  high  radiation  level  in  the  direction  of  the  axis  of 
antenna  (t*0) whose  value  slowly  decreases  with  the  increase/growth  $ 
and  it  approaches  value  0.178  from  the  maximum.  Slope  of  radiation 
pattern,  nearest  to  t»0,  always  flat. 
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The  slope  of  major  lobe  of  diagram  with  />/mas  the  steeper/more 
abrupt  and  with  $>1  at  it  appear  the  oscillations,  caused  by  the 
effect  of  the  edge  of  half-plane.  Should  be  noted  higher  side-lobe 
level  in  the  antennas,  arranged/located  on  the  half-plane,  in 
comparison  with  the  same  antennas,  arranged/located  in  the  free  space 
or  on  the  infinite  plane.  So  usually  it  is  when  the  maximum  of  the 
"factor  of  grating"  (i.e.  the  antenna  radiation  pattern  in  the  free 
space)  does  not  coincide  with  the  maximum  of  the  radiation  pattern  of 
elementary  source  (i.e.  slot  on  the  half-plane).  True,  in  our  case 
there  is  a  grating  of  different  emitters,  since  their  diagram  depends 
from  the  distance  to  the  edge  of  half -plane,  but  this  does  not  change 
the  physical  content  of  phenomenon.  During  the  removal/distance  of 
antenna  from  the  edge  of  screen  the  maximum  of  radiation  pattern 
approaches  an  axis  of  antenna  (t*0),  the  width  of  diagram  decreases, 
and  the  level  of  lobes/lugs  falls.  The  form  of  amplitude  distribution 
affects  in  essence  the  side-lobe  level  and  the  width  of  radiation 
pattern. 


DOC  *  82036104 


PAGE  G\°\ 


Pig.  3.3.  Dependence  of  the  form  of  radiation  pattern  on  the 
parameter  $  (perpendicular  polarization)  at  q*0;  a=0:  1)  5*0;  2)  $*1; 
3)  5*2. 
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The  antenna  radiation  patterns  with  the  parallel  polarization 
(Fig.  3.4)  differ  from  the  case  examined  in  terms  of  lower  radiation 
level  along  the  axis  of  antenna,  moreover  this  level  vanishes  with 
$-►<».  With  an  increase  in  value  5  major  lobe  always  remains  flat  (in 
contrast  to  the  case  of  perpendicular  polarization),  which  is 
directly  connected  with  the  form  of  the  radiation  pattern  of  single 
slot,  which  is  located  on  the  half-plane.  The  side-lobe  level  of 
diagram  during  the  parallel  polarization  is  always  higher  than  for 
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the  perpendicular.  Furthermore,  in  the  antennas  with  the 
perpendicular  polarization  with  a  change  in  the  parameter  J  is 
changed  in  essence  the  slope  of  diagram  when  t>tmax,  and  in  the 
antennas  with  the  parallel  polarization  when 

Let  us  examine  now,  assuming/setting  $*0,  the  dependence  of  the 
form  of  radiation  pattern  on  the  phase  distribution  along  the 
antenna,  characterized  by  the  parameter  a  (Fig.  3.5  and  3.6).  With 
a*0  phase  wave  velocity,  which  excites  antenna,  is  equal  to  the  speed 
of  light. 
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Fig.  3.4.  Dependence  of  the  form  of  radiation  pattern  on  the 
parameter  $  (parallel  polarization)  at  q=0;  a=0:  1)$=0;  2)  5*1;  3) 
S-2. 
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With  o*+-l  supplementary  phase  change  along  the  antenna  is  equal  to 
+-*■.  With  an  increase  in  value  o  the  maximum  of  radiation  pattern 
approaches  an  axis  of  antenna  (t=0),  grow/rise  minor  lobes.  During 
the  parallel  polarization  minor  lobes  grow/rise  more  strongly  than 
with  the  perpendicular;  for  the  uniform  amplitude  distribution  their 
level  is  higher  than  for  that  collapsing.  The  characteristic  features 
of  the  antenna  radiation  patterns  of  the  traveling  wave, 
arranged/located  on  the  half-plane,  are  retained  also  in  the  presence 
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of  attenuation  along  the  antenna.  Let  us  examine  Fig.  3.7a,  in  which 
for  two  values  of  parameter  s  are  constructed  the  radiation  patterns 
at  the  different  values  a  and  1=0.  As  in  the  case  of  even 
distribution,  with  an  increase  in  phase  change  along  the  aperture  the 
maximum  of  diagram  approaches  an  axis  of  antenna,  however,  beginning 
from  certain  values  a> 0,  maximum  gradually  it  differs  from  axis,  in 
this  case  the  level  of  lobes/lugs  does  not  exceed  35o/o. 
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Fig.  3.5.  Dependence  of  the  form  of  the  antenna  radiation  pattern  on 
the  phase  distribution  (perpendicular  polarization)  with  q=0;  5*0:  1) 
ct=1.2;  2)  <7=0 ;  3)  <7—1.36;  4)  <7=0.4;  5)  <7—0.49;  6)  a— 2£6. 
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With  s*0  with  an  increase  o  the  side-lobe  level  increases  very 
rapidly  and  with  <7=1.5  it  reaches  lOOo/o,  and  the  position  of  the 
maximum  of  diagram  with  a=1.5  is  changed  abruptly.  Let  us  note  also 
that  the  effect  of  the  parameter  o  on  the  radiation  pattern  decreases 
with  an  increase  in  value  s.  This  becomes  especially  noticeable  for 
large  s,  when  the  part  of  the  antenna  is  excited  with  a  small 
amplitude. 
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In  Fig.  3.7b  for  two  phase  distributions  (a= 0  and  o=l)  are 
constructed  the  diagrams  of  antenna  with  different  amplitude 
distributions.  For  a=0  the  dependence  of  the  form  of  radiation 
pattern  on  s  is  sufficiently  weak.  Apparently,  this  is  connected  with 
the  fact  that  the  section  of  antenna,  close  to  the  edge/fin  of  the 
half-plane  where  the  amplitude  of  electric  field  is  small,  it  is 
located  into  the  radiation  field  of  the  remaining  sections  of  antenna 
and  is  strongly  excited;  moreover  with  the  phase,  which  corresponds 
<7=0.  The  strong  amplitude  reduction  at  the  end/lead  of  the  antenna  is 
equivalent  to  some  degree  to  its  shortening  and,  therefore,  must  lead 
to  the  expansion  of  radiation  pattern  (for  the  antenna  in  the  free 
space  radiation  pattern  with  increase  of  s  actually/really  it  is 
expanded) . 
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Fig.  3.6.  Dependence  of  the  form  of  the  antenna  radiation  pattern  on 
the  phase  distribution  (parallel  polarization)  with  q=0;  5*0:  1) 

rr 

a=1.2;  2)  a=0 ;  3)  ct=-1.36;  4)  <7=0.4;  5)  o=-0.«;  6)  a=-2.66. 
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Together  with  this  the  antenna  seemingly  is  driven  out  from  the 
edge/fin,  which  affects  the  width  of  radiation  pattern  oppositely.  As 
are  shown  to  Fig.  3.7b,  the  width  of  radiation  pattern  decreases, 
i.e.,  predominant  proves  to  be  the  action  of  the  equivalent 
removal/distance  of  antenna  from  the  edge/fin. 
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Fig.  3.7.  The  dependence  of  the  antenna  radiation  pattern  with 
exponential  field  distribution  in  aperture  ($=0)  on  the  parameter  a 
and  parameter  s:  a)  1-a— 2;  2  -  a*-0.3;  3  -  a«0 . 3 ?  4  -  a- 2;  b)  1  - 
s=0 ;  2  -  s=0.6;  3  -  s»1.2. 

3.4.  Divergence  of  maximum  of  radiation  pattern  from  the  axis  of 
antenna. 

Travel ing-wave  antennas  are  utilized  for  the  creation  of  intense 
radiation/emission  in  the  axial  direction  t*0.  However,  if  this 
antenna  is  located  near  the  edge  of  flat/plane  metallic  surface,  the 
maximum  of  radiation  pattern  is  always  deflected  from  the  axis  of 
antenna  to  certain  angle.  Therefore  the  study  of  the  dependence  of 
the  position  of  the  principal  maximum  of  radiation  pattern  on  the 
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parameters  of  antenna  has  great  practical  value. 
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The  direction  of  maximum  antenna  radiation  is  determined  by  the 
value  of  parameter  *,»,  which  is  connected  with  the  angular  deflection 
by  the  relationship/ratio 

^=2/^  sin’-f-  (3.29) 

In  Fig.  3.8  are  plotted  the  lines  of  level 

U— const 

on  the  plane  a,  $  for  two  symmetrical  amplitude  distributions  (q*0, 
q-0.52)  and  two  polarizations.  Numerals  on  lines  fm=const  designate 
value  tm. 

Let  us  examine  first  perpendicular  polarization.  Fig.  3.8  shows 
that  the  divergence  of  the  maximum  of  the  radiation  pattern  weakly 
depends  on  amplitude  distribution  in  antenna  aperture,  since  the 
position  of  maximum  is  determined  in  essence  by  phase  distribution  of 
field  in  the  aperture.  With  an  increase  in  phase  change  along  the 
antenna  the  ray/beam  approaches  an  axis.  Fc r  small  ones  $  the 
position  of  maximum  of  diagram  is  changed  smoothly  with  the  change  0; 
for  $>1/2  at  certain  value  of  <7,($)>0  it  occurs  an  abrupt  change  in 
the  position  of  the  maximum. 
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Fig.  3.8.  Lines  of  constant  value  u  on  the  plane  a,  $; 

a)  «-0:A)  «-fc  4>  *  » !  *  ■  “-S* 
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For  o<o„  the  direction  of  the  maximum  of  diagram  is  determined, 
mainly,  by  its  own  diagram  of  antenna  (on  the  infinite  plane).  Along 
other  side  of  line  of  discontinuity  o>o,  the  principal  maximum  of 
radiation/emission  is  formed/shaped  under  the  strong  influence  of  the 
edge  of  the  screen.  In  the  region,  which  is  adjacent  to  the  line  of 
discontinuity  a»ct($),  the  radiation  pattern  has  two  maximums.  This 
case  of  the  appearance  of  two  maximums  should  be  differed  from  that, 
when  the  second  maximum  appears  as  a  result  of  the  strongly  increased 
minor  lobe  with  o~l,5.  The  effect  of  the  parameter  $  begins  to  be 
manifested  with  a>- 2.  For  smaller  c  the  effect  of  the  edge  of  screen 
is  very  insignificant,  and  therefore  with  2  it  is  possible  to 
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design  the  antenna  radiation  patterns,  considering  it  their 
arranged/located  on  the  infinite  plane.  If  we  exclude  the  region  of 
disruption  and  also  the  region  of  small  ones  $  with  a> 0,  it  is 
possible  to  assert  that  with  the  removal/distance  of  antenna  from  the 
edge/fin  the  maximum  of  diagram  it  approaches  an  axis  of  antenna.  In 
the  region  of  small  ones  $  and  a> 0  the  direction  of  the  maximum  of 
radiation  pattern  very  insignificantly  depends  on  $. 

For  the  parallel  polarization  the  effect  of  the  edge  of  screen 
is  manifested  considerably  weaker  considering  that  during  this 
polarization  even  in  the  case  of  the  infinite  plane  of  maximum  of 
radiation  pattern  it  is  deflected  from  the  axis  of  antenna.  The 
effect  of  the  parameter  $  on  the  position  of  principal  maximum 
substantially  is  manifested  with  a>~ 1  and  only  for  small  ones  $; 
dependence  tm  on  a  approximately  the  same,  as  in  the  case  of 
infinite  plane. 

The  position  of  the  maximum  of  radiation  pattern  for  the 
antennas  with  exponential  field  distribution  in  the  aperture  weakly 
depends  on  parameter  s,  as  this  follows  from  the  examination  of  Fig. 
3.9,  during  which  are  given  the  lines  of  level  fm-const  on  plane  s,  a 
with  J«0.  For  a<0 . 5  the  level  line  they  go  virtually  in  parallel, 
slightly  diverging  with  an  increase  s.  This  disagreement  is  caused  by 
the  fact  that  for  the  antennas  with  the  strong  drop  of  amplitude 
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operating  supplementary  phase  change  is  less  than  during  the  even 
distribution.  For  small  s  with  a«*l,5  the  position  of  maximum  is 
changed  by  jump.  This  occurs  at  the  point  where  the  first  minor  lobe 
of  diagram  becomes  equal  to  fundamental.  With  s>0.4  minor  lobe  does 
not  reach  the  value  of  basis  and  the  position  of  the  maximum  changes 
continuously. 
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It  should  be  noted  that  with  the  assigned  drop  of  the  amplitude  of 
field  in  antenna  s  there  is  certain  limiting  value  t'm,  being 
determining  the  minimally  attainable  angle  of  pressing  the  maximum  of 
radiation  pattern  against  the  axis  of  antenna.  The  effect  of  the 
parameter  $  on  the  position  of  the  principal  maximum  of  antenna 
radiation  with  exponential  field  distribution  is  insignificant. 
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Fig.  3.9.  Lines  of  constant  value  tm  on  the  plane  o,  s,  ($-0). 

3.5.  Width  of  radiation  pattern. 

We  examine  the  radiation  patterns,  designed  depending  on  the 
universal  parameter  t  (3.9).  Therefore,  if  the 

standardized/normalized  radiation  patterns  according  to  power  p-0.5 
with  t«t,,  t,,  then  the  width  of  diagram  at  the  level  of  half  power 
for  the  perpendicular  and  parallel  polarization  is  equal  to 

A?  =  2  train — y=r~~  2«rcsin — T=--  (3-30) 

2  r  x 

For  the  precision  determination  of  values  Ao>  it  is  necessary  to  have 
the  detailed  data  about  values  of  ti  and  t , .  However,  with 
satisfaction  of  conditions  (3.26)  it  is  possible  to  be  bridged  with 
one  value  -  the  universal  width  of  radiation  pattern  At  (3.27). 
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Fig.  3.10  shows  the  lines  of  level  At»const  on  the  plane  of  the 
parameters  a,  $  for  two  symmetrical  amplitude  distributions  (q*0  and 
0.52)  and  two  polarizations.  Numerals  in  the  curves  designate  value 
At. 


Let  us  examine  the  first  perpendicular  polarization  (Fig.  3.10ar 
b).  At  the  negative  values  a(cr<- 2)  high  in  the  absolute  value  value 
At  barely  depends  on  $.  This  means  that  the  diagram  is  so  deflected 
from  the  axis  that  fringe  effect  of  screen  virtually  is  not 
manifested.  For  the  positive  values  a  of  the  level  line  they  go 
almost  in  parallel  to  the  axis  of  abscissas  with  the  small  positive 
inclination/slope,  which  corresponds  to  the  slow  expansion  of  diagram 
with  an  increase  in  phase  change  along  the  antenna.  This  is  in 
apparent  contradiction  with  the  results,  given  in  Chapter  2  for 
traveling-wave  antennas  in  the  free  space,  whose  supplementary  phase 
change  leads  to  the  contraction  of  radiation  pattern.  The  physical 
sense  of  this  phenomenon  becomes  clear,  if  we  examine  approximation 
(3.24)  for  the  radiation  pattern. 

At  the  positive  values  o  the  width  of  radiation  pattern  strongly 
depends  on  the  removal/distance  of  antenna  on  the  edge  monotonically 
decreasing  to  a  definite  limit  with  the  increase/growth  $. 


Fig.  3.10.  Lines  of  fixed  level  At*const  on  the  plane  of  the 
parameters  a,  $: 

«)  =  «=«.52- 
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It  should  be  noted  that  on  the  infinite  plane  the  antenna  0*0  has  a 
width  of  diagram  approximately  the  same  as  the  antenna, 
arranged/located  on  the  half-plane  with  o*$*0.  The  region  of  negative 
ones  0  from  0  to  -1.5  is  transient  from  the  lines,  parallel  to  the 
axis  of  abscissas  (with  a>0),  to  the  lines,  parallel  to  the  axis  of 
ordinates  (with  a<- 2).  The  level  lines  in  this  region  have 
complicated  character.  Comparing  graphs  for  different  amplitude 
distributions,  it  is  possible  to  ascertain  that  the  shape  of  the 
curve  At»const  is  similar,  but  numerical  values  noticeably  depend  on 
parameter  q.  With  q-0  the  width  of  radiation  pattern  always  somewhat 
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less.  For  the  uniform  amplitude  distribution  the  curves  are 
constructed  only  to  a=1.2,  since  approximately  at  this  value  of  the 
parameter  a  the  minor  lobe  of  diagram  becomes  more  than  basis  and  the 
concept  of  the  width  of  radiation  pattern  becomes  meaningless. 

Let  us  examine  briefly  the  case  of  parallel  polarization.  On  the 
graphs/curves  Fig.  3.10a,  b,  c,  d  it  is  not  difficult  to  note  the 
considerable  difference  between  the  lines  At*const  for  the 
perpendicular  and  parallel  polarizations.  Dependence  At,  from  a,  $ 
during  the  parallel  polarization  proves  to  be  weaker,  especially  this 
is  noticeable  for  the  uniform  amplitude  distribution.  With  a> 0  the 
line  of  level  At=const  during  the  parallel  polarization  no  longer 
they  are  parallel  to  axis  a.  On  the  contrary,  for  $>1  them  more  often 
it  is  possible  to  consider  parallel  to  axis  $.  This  means  that  during 
the  parallel  polarization  the  approximation/ approach  to  an  infinite 
plane  begins  much  earlier  (with  $£  I),  man  with  the  perpendicular. 

Rt  the  same  time  curves  At*const,  shown  in  Fig.  3.10,  have  certain 
resemblance,  especially  in  the  transition  region  where  0>a>-0.5.  In 
contrast  to  the  perpendicular,  for  the  parallel  polarization  the 
width  of  radiation  pattern  with  the  increase/growth  $  with  a>0  first 
decreases,  and  then  it  begins  to  grow/rise.  In  Fig.  3.11  and  3.12  are 
constructed  the  lines  of  level  At*const  on  plane  s,  a  for  the 
antennas  with  the  exponential  amplitude  distribution  with  S»0  and 
0.5.  Let  us  examine  the  first  first  case.  The  decrease  of  phase  wave 
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velocity,  which  excites  antenna,  leads  to  the  monotone  expansion  of 
diagram  everywhere,  with  exception  of  region  a>1.3.  With  s<0.6  and 
a=1.3  (in  the  shaded  region)  the  concept  of  the  width  of  radiation 
pattern  becomes  meaningless  because  of  the  fact  that  the  minor  lobe 
exceeds  level  0,5p  max- 


Page  75. 

The  effect  of  amplitude  distribution  on  the  width  of  radiation 
pattern  is  manifested  differently  depending  on  the  value  of  phase 
change  a.  With  a<-0.6  an  increase  in  parameter  s  leads  to  the 
expansion  of  radiation  pattern,  while  at  higher  values  of  a  the 
reduction  of  amplitude  (up  to  s=1.2). 


Fig.  3.11.  Lines  of  fixed  level  At=const  on  plane  of  parameters  o,  s 
($=*0).  Dotted  line  plotted/applied  the  level  of  the  first  minor  lobe. 

Fig.  3.12.  Lines  of  fixed  level  dt*const  on  plane  of  parameters  a, 
*<C-<US).  Dotted  line  plotted/applied  the  level  of  the  first  minor 
lobe. 
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This  makes  it  possible  to  utilize  in  the  antennas  the  energetically 
advantageous  collapsible/dropped  distributions.  Removal/distance  of 
antenna  from  the  edge/fin  gives,  as  is  shown  Fig.  3.11  and  3.12, 
noticeable  contraction  of  radiation  pattern.  The  character  of  curves 
At*const  with  $-0  and  $*0.5  is  substantially  various.  In  the  interval 
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-0.8-<a4l  the  width  of  radiation  pattern  for  $=0.5  changes 
insignif icantly. 

In  Fig.  3.11  and  3.12,  besides  the  lines  of  the  constant  values 
of  the  width  of  radiation  pattern,  are  constructed  with  dotted  line 
the  lines  of  level  of  th*  first  minor  lobe.  It  is  known  that  the 
antennas  with  the  exponential  amplitude  distribution  even  in  the  free 
space  have  large  minor  lobes.  During  the  placement  of  antenna  on  the 
half-plane  the  level  of  lobes/lugs,  as  a  rule,  increases.  Therefore 
antennas  with  the  exponential  amplitude  distribution  can  be  used  only 
for  the  not  too  stringent  requirements  for  the  side-lobe  level. 

3.6.  Directive  gain. 

with  respect  to 

If  the  standardized/normalized  radiation  pattern  power  is 

described  by  function  p(t)  and  parameter  t  is  connected  with  the 

angle  <p  with  relationship/ratio  (3.9)  it  is  possible  to  introduce  the 

integral  characteristic  of  the  diagram 

Lt  (3.31) 

fpWdt 

which  is  universal  directive  gain.  Value  t,  characterizes  the 
direction  in  which  it  is  examined  by  directive  gain,  and  integration 
limits  in  (3.31)  are  selected  sufficiently  large1. 
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FOOTNOTE  1 .  During  calculations  t,  it  took  as  the  equal  to  3.2. 
ENDFOOTNOTE. 


The  directive  gain,  by  specific  relationship  (3.31),  characterizes 
the  directed  properties  of  antenna  in  plane  xy  (Fig.  3.1)  and  with 
satisfaction  of  conditions  (3.26)  is  connected  with  the  usual 
directive  gain  with  relationship/ratio  (3.28). 
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Let  us  examine  the  directive  gain  of  antenna,  which  is  located 
on  the  half-plane,  in  the  direction  of  the  maximum  of 
radiation/emission  K(tm),  and  in  the  axial  direction  K(0).  For  the 
antennas  with  exponential  amplitude  distribution  of  field  in  the 
aperture  we  will  examine  also  the  value  of  the  amplification  [see 

and 

formulas  (2.21)^(2.31)  ] . 

Directive  gains  in  the  direction  of  maximum. 

In  Fig.  3.13  on  the  plane  of  the  parameters  a,  $  are  constructed 
the  lines  of  level 

K(tm)  =const 

for  both  of  polarizations  and  two  symmetrical  amplitude 
distributions,  which  correspond  q*0  and  q»0.52.  During  the 
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perpendicular  polarization  the  curves  resemble  the  appropriate  curves 
for  the  width  of  radiation  pattern.  It  is  distinctly  evident  that  the 
directive  gain  gradually  falls  from  an  increase  in  the  phase  change 
along  the  antenna  (with  a> 0).  This  is  a  characteristic  difference  in 
the  antennas,  arranged/located  on  the  half-plane,  from  the  antennas 
in  the  free  space  or  on  the  infinite  plane.  It  is  interesting  to 
compare  values  K(tm)  for  that  collapsing  and  uniform  amplitude 
distributions. 
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Fig.  3.13.  Lines  K(tm)~ const  on  the  plane  of  the  parameters  o,  J: 
s>  »-o;  it)  e,.imojsa. 
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For  the  negative  a,  when  fringe  effect  of  screen  is  weaker,  directive 
gain  during  the  even  distribution  are  more.  However,  that,  where  the 
effect  of  the  edge  of  half-plane  is  manifested  more  strongly  (with 
a>0),  derictive  gain  are  more  in  antenna  with  the  collapsible/dropped 
distribution.  During  the  parallel  polarization  the  advantage  of  the 
collapsible/dropped  distribution  is  still  more  noticeable.  For  this 
distribution  the  character  of  dependence  K{tm)  on  a  and  $  remains  the 
same  as  during  the  perpendicular  polarization,  the  difference 
consists  only  of  the  sharper  decrease  of  directive  gain  with  the 
increase/growth  a  with  a>0. 
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Fig.  3.14. 


Fig.  3.15. 


Fig.  3.14.  Lines  K(tm) -.const  on  plane  of  parameters  a,  s  ($»0). 

Fig.  3.15.  Lines  /r(f»)-comrt  on  plane  of  parameters  a,  s  ($*0.5). 
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Each  of  Fig.  3.13c,  d  is  divided  by  dotted  line  into  two  parts.  To 
the  left  of  this  line  directive  gain  of  antenna  with  the  parallel 
polarization  it  is  more  than  with  the  perpendicular,  to  the  right  - 
it  is  less.  In  the  case  of  the  collapsible/dropped  distribution  this 
line  considerably  is  displaced  into  the  region  of  the  positive  values 
of  the  parameter  a. 

In  Fig.  3.14  and  3.15  are  plotted  the  lines  of  level  /((/,„)-=  const 
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4 - on  the  plane  a,  s  for  the  antennas  with  exponential  field 

distribution  in  the  aperture  with  $*0;  0.5.  analogous  curves  (Pig. 
3.16  and  3.17)  are  constructed  for  the  factor  of  amplification  G(tm). 
Dependences  K  and  G  on  the  amplitude  distribution  strongly  differ 
from  each  other.  Value  K  weakly  depends  on  s,  moreover  with  o<-l  and 
$»0,  when  the  effect  of  edge/fin  is  small,  an  increase  in  parameter  s 
leads  to  the  decrease  of  directive  gain.  On  the  contrary,  with  the 
strong  effect  of  edge/fin  (a>- 1)  it  is  profitable  to  utilize  the 
collapsible/dropped  distribution.  With  $*0.5  (Fig.  3.17)  to 
accurately  indicate  this  boundary  (a*-l  with  $*0)  is  impossible;  the 
advantage  of  the  collapsible/dropped  distributions  becomes  noticeable 
only  in  the  region  of  positive  values  a. 

Let  us  examine  now  the  dependence  of  amplification  G  on 
parameter  s.  It  is  obvious  that  the  greater  the  drop  of  amplitude, 
the  more  completely  is  utilized  the  power  applied  to  the  antenna  and 
the  less  part  of  it  goes  into  the  load. 
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Fig.  3.16.  Lines  of  constant  value  C(/m)-const  on  the  plane  of  the 
parameters  o,  s  (5*0). 
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On  the  other  hand,  at  sufficiently  high  values  of  s  the  directed 
properties  of  antenna  noticeably  deteriorate  as  a  result  of  the 
decrease  of  its  effective  length.  Therefore  must  exist  the  optimum 
value  s,  at  which  the  antenna  gain  is  maximal.  With  $»0  (Fig.  3.16) 
this  optimum  is  noticeable  only  for  a<-0.6.  At  the  high  values  of 
supplementary  phase  change  o  the  optimum  value  s  is  located  beyond 
the  limits  of  the  figure  (s>1.2).  This  means  that  for  obtaining  the 
larger  amplification  it  is  profitable  to  u:ilize  the  strongly 
collapsible/dropped  distributions.  However,  in  practice  to  select  s>l 
is  inexpedient,  since  the  gain  in  amplification  in  this  case  is 
insignificant,  and  the  series/row  of  other  parameters  of  the  antenna 
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are  worsened.  With  $*0.5  the  optimum  value  s  pronounced  for  all 
values  a<l  comprises  sop,exO$,  which  corresponds  to  the  distribution, 
which  collapses  toward  the  end  of  the  antenna  to  3o/o  according  to 
the  power. 
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Fig.  3.17.  Lines  of  constant  value  G(tm)—  const  on  the  plane  of  the 
parameters  a,  s  ($=0.5). 

Directive  gains  in  the  direction  of  the  axis  of  antenna. 

In  a  number  of  cases  it  is  necessary  to  ensure  the  largest 
possible  signal  level  in  the  axial  direction  t*0.  Since  the  maximum 
of  radiation  of  the  antenna,  arranged/located  on  the  half-plane,  is 
deflected  from  the  axis,  it  is  of  interest  to  determine,  at  what 
values  of  the  parameters  a  and  $  the  directive  gain  in  the  axial 
direction  will  be  greatest. 

Page  81. 

For  the  perpendicular  polarization  the  amplitude  of  the  field. 


emitted  in  the  axial  direction  t«0,  during  any  amplitude-phase 
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distribution  in  antenna  aperture  does  not  depend  on  the  parameter  £. 
Of  this  it  is  not  difficult  to  be  convinced,  assuming/setting  in 
expressions  (3.5)  and  (3.6)  t=0.  At  the  same  time,  if  amplitude-phase 
distribution  in  antenna  aperture  is  assigned,  proves  to  be 
f ixed/ recorded  the  power,  emitted  by  antenna  and,  consequently,  also 
the  directive  gain  (amplification)  of  antenna  in  the  axial  direction. 
The  dependence  derictive  gain  on  the  phase  change  along  the  antenna 
for  two  symmetrical  amplitude  field  distributions  in  antenna  aperture 
they  are  shown  in  Fig.  3.18. 
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Fig.  3.18. 


Fig.  3.19. 


Fig.  3.18.  Dependence  of  directive  gain  K(0)  on  phase  change  along 
antenna  during  perpendicular  polarization. 


Fig.  3.19.  Lines  K ( 0 )  *const  on  plane  of  parameters  a,  <;  at  parallel 
polarization;  continuous  -  q*0;  dotted  line  -  q=0.52. 


Page  82. 

It  is  characteristic  that  the  curve,  which  corresponds  to  even 
distribution,  reaches  maximum  with  oe*l,2,  and  collapsing  -  with 
"This  is  located  in  accordance  with  the  results,  led  in  Chapter  2. 
Thus,  if  directive  gain  in  the  direction  of  the  maximum  of 
radiation/ emission  falls  from  the  increase/growth  a,  then  in  the 
axial  direction  it  increases  and  it  reaches  maximum  at  the  specific 
value  of  this  parameter. 
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In  Fig.  3.19  on  the  plane  of  the  parameters  o,  $  are  constructed 
the  lines  of  level  K(0) “const  for  the  parallel  polarization  and  two 
symmetrical  field  distributions.  The  numerals,  plotted/applied  to  the 
curves,  show  that  the  directive  gain  in  the  axial  direction  for  this 
polarization  is  very  small,  but  also  it  increases  with  the 
increase/growth  a  and  it  reaches  maximum  with  <*«*() ,7  for  q=0  and  with 
<r=1.4  for  q*0.52.  From  the  increase/growth  $  value  K(0),  naturally, 
rapidly  falls. 

In  Fig.  3.20  and  3.21  are  constructed  values  K(0) “const  and 
G(0) “const  on  the  plane  of  the  parameters  a  and  s  for  the  antennas 
with  the  exponential  amplitude  distribution.  These  curves  are  close 
in  the  character  to  the  curves,  which  correspond  by  the  surface  of 
antennas,  which  is  located  on  the  plane  (see  S2.3).  However,  it 
should  be  noted  that  in  S2.3  are  examined  the  three-dimensional/space 
directive  gains  and  antenna  gain,  connected  with  "flat/plane" 
relationships/ratios  (2.25).  fls  is  shown  calculation,  directive  gain 
K( 0 )  is  maximum  with  s»0  and  1.2.  During  the  removal/distance  from 
this  point  in  any  direction  on  the  plane  ( a ,  a)  directive  gain  K(0) 
monotonically  it  decreases. 
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Fig.  3.20.  Lines  K(0)*const  on  the  plane  a,  s  ($**0). 

Page  83. 

With  an  increase  in  the  drop  of  amplitude  optimum  phase  change  along 
the  antenna  somewhat  decreases.  Fig.  3.21  shows  that  the  factor  of 
amplification  G(0)  is  maximum  with  s=0.6,  a*1.05.  An  increase  in  the 
drop  of  amplitude  in  comparison  with  the  optimum  leads  to  the 
insignificant  decrease  of  G(0).  During  more  uniform  amplitude 
distributions  amplification  G(0)  sharply  decreases. 
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Fig.  3.21. 

4.  Antenna 
key. 


Lines  G(0)=const  on  the  plane  a,  s  ($=0). 


radiation  patterns,  4H!iH0^ocatecl  on  the  surface  of 


The  radiation  patterns  of  the  arbitrary  sources  of  field,  which 
are  located  near  the  surface  of  key  or  it  is  direct  on  it,  they  can 
be  designed  with  the  aid  of  formulas  (1.4)  and  ( 1 . 41 )- ( 1 . 46 ) . 

However,  in  the  case  in  question  calculation  according  to  precise 
formulas  is  considerably  more  complicated  than  in  the  case  of 
half-plane.  In  connection  with  this  numerical  calculations  according 
to  precise  formulas  were  conducted  in  the  limited  space  and  they  will 
be  used  in  order  on  one  hand,  to  trace  based  on  specific  example,  as 
varies  the  radiation  pattern  of  surface  antenna  with  a  change  in  the 
internal  wedge  angle  from  0°  to  180°,  and  on  the  other  hand,  to 
establish/install,  when  is  possible  the  replacement  of  key  by 
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half-plane  during  the  calculation  of  the  radiation  pattern  of  the 
surface  antenna. 

Page  84. 

4.1.  Fundamental  calculated  relationships/ratios. 

Let  on  the  face  (p'*0  (Fig.  4.1)  the  ideally  conducting  key  up  to 
distances  T  from  the  edge/fin  be  arranged/located  the  antenna  of 
length  L.  As  in  the  preceding/previous  chapter,  we  will  describe 
amplitude-phase  field  distribution  in  antenna  aperture  by  the 
function 

a  W;=  [l-<7'cos£-{;c~D]  e~‘M .  (4.1) 

After  using  expressions  (1.41)-(1.46)  together  with  (1.6),  we  will 
obtain  the  following  expressions  for  the  radiation  patterns  of  the 
antenna  in  question: 

during  the  parallel  polarization 

Ft  (f,  /,  C.  »,  q,  a)=« 

I 

m  * {  (4.2) 

Xjj  n«p(—  if-)  (2«/  (*+0j*n^j-ylc(x; 

nmt  7  «  ‘ 

during  the  perpendicular  polarization 

(?.  (.  c.  9.  <7,  «)  =  J (—  i*  (3  +  21)  (x  -f-  Q|  X 
0  1 

oo 

XO  —  ?cos2«x)  —  -TT-)X 

|2«/(*+Qlc<*!=.?]d*. 


(4.3) 
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Fig.  4.1.  On  the  calculation  of  surface  antenna,  which  is  located  on 
the  key. 

Page  85. 

In  expressions  (4.2)  and  (4.3)  are  introduced  the  following 
designations: 

1*L/X  -  electrical  length  of  antenna; 

p 

C=t~  -  relative  removal/distance  of  antenna  from  the  edge  of 

key; 

«  =  -  supplementary  phase  change  at  the  length  of  antenna, 

measured  in  the  portions  *. 
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According  to  formulas  (4.2)  and  (4.3)  can  be  designed  the 
radiation  patterns  f!(  (<p)  and  F±(<p)  for  any  values  of  parameters  1, 
5,  a,  q,  a,  which  completely  describe  the  character  of  excitation  and 
the  location  of  surface  antenna. 

4.2.  Analysis  of  the  results  of  the  numerical  calculation  of 
radiation  patterns. 

With  the  aid  of  relationships/ratios  (4.2)  and  (4.3)  for  both 
forms  of  polarization  were  designed  the  standardized/ normalized 
radiation  patterns  according  to  the  power 


and  the  phase  diagrams 

Q(f)  =  argF(f) 


of  antenna,  which  is  located  on  the  key. 
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The  calculation  of  radiation  pattern  is  carried  out  for  the 
interval  of  values  <p,  the  including  the  main  thing  and  first  minor 
lobes,  and  also  shadow  zone  n-£<p$a.  Let  us  examine  how  depend 
radiation  patterns  P(<p)  on  parameters  1,  S,  a,  q,  a. 

In  the  expressions  for  the  antenna  radiation  patterns,  which  is 
located  on  the  half-plane,  it  is  possible  to  introduce  the  parameter 
(see  Chapter  3): 

t  =  2^7  sin ylf, 

thanks  to  which  can  be  designed  universal  radiation  pattern  and  is 
excluded  parameter  1.  Knowing  universal  diagram,  it  is  not  difficult 
to  calculate  the  radiation  pattern,  which  corresponds  to  the 
concrete/specific/actual  value  The  character  universal  with 
respect  to  i  of  the  antenna  radiation  patterns  on  the  half -plane  (and 
plane)  is  physically  explained  by  the  fact  that  the  currents,  induced 
by  the  field  of  antenna  on  the  surface  of  screen,  are  located  in  one 
plane.  In  the  case  of  the  antenna,  arranged/located  on  the  key,  does 
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not  succeed  in  introducing  the  universal  parameter  in  the  expressions 
for  F(<p).  However,  one  should  expect  that  in  the  specific  sector  of 
the  values  of  angle  <j>(o<»),  where  the  effect  of  the  current,  which 
flows  in  to  the  shadow  face  of  key,  is  insignificant,  diagrams  F(«) 
are  universal  relative  to  parameter 


Fig.  4.2.  Radiation  patterns  p\\  (<) 
1)  i=2;  2)  1=5 ;  3)  1=10. 


-2  -t  0  1  2  t 

at  wedge  angle  of  7=30°  and  150°: 


Page  87. 

It  is  obvious  that  the  boundaries  of  this  sector  depend  on  angle 
7«2x-a  between  the  faces  of  key  (Fig.  4.1),  size/dimension  and 
removal/distance  of  antenna  from  the  edge  of  key,  and  to  a  lesser 
degree  from  the  form  of  amplitude-phase  distribution  in  antenna 

i 

aperture.  j 
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The  antenna  radiation  pattern  during  the  parallel  polarization 
will  be  universal  in  considerably  the  wider  sector  than  with  the 
perpendicular  in  view  of  the  less  intense  flowing  in  of  current  to 
the  shadow  face  of  key  during  the  parallel  polarization.  The  given 
considerations  are  confirmed  by  the  results  of  calculation  according 
to  precise  formulas.  In  Fig.  4.2  and  4.3  are  constructed  the  antenna 
radiation  patterns  on  the  key.  Diagrams  P(t)  correspond  to  the 
antennas,  located  near  the  edge/fin  of  key  ($*0)  and  excited  by  the 
wave,  which  is  propagated  with  the  speed  of  light  (0-0).  At  the  wedge 
angle,  equal  to  30°,  the  radiation  patterns  Px(t)  virtually  coincide; 
calculation  shows  that  at  7-90°  appears  the  small  difference  between 
the  diagrams,  which  correspond  to  perpendicular  polarization.  In  the 
case  of  the  dull  key  (7*150°  and  more)  this  difference  becomes  more 
essential,  moreover  most  considerably  radiation  patterns  differ  in 
the  shadow  zone  where  strongly  is  manifested  the  effect  of  the 
flowing  in  currents. 
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Fig.  4.3.  Radiation  patterns  px  (•')  at  wedge  angle  of  7-30°  and  150°: 
1)  1-2;  2)  1-5;  3)  1-10. 

Page  88. 

In  illuminated  region  (^ciao®)  the  radiation  patterns  P(t)  virtually 
coincide  even  at  angle  of  7-150°.  In  view  of  the  fact  that  there  is 
fundamental  practical  interest  in  the  case  of  narrow  wedge,  and  at 
7<90°  dependence  of  the  antenna  radiation  pattern  on  its  length 
carries  trivial  character,  we  will  examine  subsequently  of  the 
antenna  of  the  fixed/recorded  length  1-5. 

Antenna  with  this  size/dimension  possesses  sufficient 
directivity  so  that  calculation  data,  obtained  for  the  infinite  key, 
would  be  suitable  for  the  real  key  of  finite  dimensions.  At  the  same 
time  the  length  of  antenna  1-5  is  still  sufficiently  small,  which 
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substantially  facilitates  calculation  according  to  precise  formulas 
(4.2),  (4.3),  Finally,  the  effect  of  the  shadow  face  of  key  on  the 
radiation  pattern  of  surface  antenna  begins  to  be  manifested  at  the 
angles  7,  larger,  the  greater  is  t,  so  that  if  for  the  antenna  with  a 
length  of  1=5  proves  to  be  possible  during  the  practical  calculations 
key  to  replace  with  half-plane,  this  will  be  all  the  more  correctly 
for  the  antennas  of  great  length. 

In  order  to  shorten  calculation  according  to  precise  formulas 
(4.2),  (4.3)  and  to  make  its  results  demonstrative,  let  us  conduct 
the  study  of  the  dependence  of  the  antenna  radiation  pattern  of  the 
traveling  wave  on  the  apex  angle  of  key  as  follows.  Let  us  select  as 
the  basic  /ersion  the  arranged/located  at  the  edge  of  key  ($=0) 
antenna  with  a  length  of  1=5  with  uniform  amplitude  distribution 
(q=0),  phase  response,  which  corresponds  o*0  (/3=k),  and  let  us 
examine  how  change  the  radiation  patterns  P ( <p )  of  this  antenna  for 
both  forms  of  polarization  with  a  change  in  the  wedge  angle  7.  Then, 
changing  alternately  one  of  parameters  $,  a,  q  and  comparing  these 
versions  with  the  basis,  we  will  succeed  in  composing  a  comparatively 
complete  representation  about  the  character  of  the  dependence  being 
investigated.  Fig.  4.4  shows  the  radiation  patterns  P(<p)  of  the  basic 
version,  designed  for  several  values  of  wedge  angle  7.  The 
examination  of  Fig.  4.4  shows  that  during  the  parallel  polarization 
the  effect  of  wedge  angle  in  sector  of  130°««^210°  becomes  noticeable 
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only  at  7>908.  Further  increase  in  the  angle  y  leads  to  the  fact  that 
the  level  of  diagram  (9)  in  the  shadow  region  decreases, 
approaching  P((jt)«a  with  7-*. 

Page  89. 

The  maximum  of  diagram  (9),  its  right  slope  and  side  lobes  with  the 
change  7  remain  virtually  without  the  changes.  During  the 
perpendicular  polarization  the  effect  of  angle  7  on  diagram  P±  (9)  in 
the  sector  of  values  9  in  question  begins  to  be  manifested  already  at 
7*60°,  and  with  further  increase/growth  7  grows/rises  antenna 
radiation  in  the  shadow  zone,  decreases  the  level  of  the  first  minor 
lobe,  and  entire/all  diagram  is  displaced  to  the  soy-bean  of  antenna, 
approaching  its  limiting  value  with  y-v . 


f 


!' 
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Fig.  4.4.  Radiation  patterns  P(*>)  of  basic  version  (1-5,  $*o-q*0) 
with  different  ones  7:  1)  7-0-30°;  2)  7-90°;  3)  7-150°;  4)  7-160° 
7-170°;  6)  7-180°. 

Key  .  O').  d.e^. 

Page  90. 

Radiation  pattern  pt  (<p)  in  region  —  the  direction  of 

principal  maximum)  virtually  is  not  changed  with  a  change  in  the 
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angle  7  from  7=0  to  7 »ir,  since  the  maximum  of  the  antenna  radiation 
pattern,  which  is  located  on  the  plane,  is  deflected  from  the 
metallic  surface,  and  therefore  upon  transfer  from  the  plane  to  the 
half-plane  edge  affects  in  essence  only  the  shadow  slope  of  diagram 
(9)-  On  the  contrary,  during  the  perpendicular  polarization  the 
maximum  of  radiation  of  antenna,  which  is  located  on  the  plane,  with 
a^O  is  directed  along  the  metal,  and  therefore  transition/ junction 
from  the  plane  to  the  half-plane  leads  to  a  substantial  change 

in  the  entire  radiation  pattern  />x(q>). 

However,  both  in  the  case  of  parallel  and  in  the  case 
perpendicular  polarization  fundamental  changes  of  the  radiation 
pattern  occur  with  a  change  of  the  wedge  angle  within  limits  of 
150°^7$180° .  For  7^90°  effect  of  the  shadow  face  of  key  on  the 
radiation  pattern  in  the  sector  of  the  values  of  angle  <p  in  question 
is  virtually  unessential. 

With  an  increase  in  the  length  of  antenna  the  effect  of  wedge 
angle  on  the  radiation  pattern  begins  to  be  manifested  at  large 
values  of  7  and,  therefore,  transition/ junction  from  the  diagram, 
which  corresponds  to  radiation/ emission  from  the  half-plane,  to  the 
diagram  of  antenna,  which  is  located  on  the  plane,  occurs  more 
sharply,  in  the  smaller  interval  of  the  variation  in  the  angle  7, 
which  adjoins  limiting  value  of  7*180°. 

Similar  phenomenon  is  observed  with  increase  of  parameter  ; 

(Fig.  4.5). 
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It  should  be  noted  that  an  increase  in  the  size/dimension  of 
antenna  and  its  removal/distance  from  the  edge/fin  of  key  affect  the 
dependence  of  radiation  pattern  on  the  wedge  angle  not  completely 
equally.  With  the  increase/growth  $  the  antenna  radiation  pattern, 
arranged/located  on  the  key,  strives,  although  sloviy  (is 
proportional  l/yt),  to  the  diagram  of  antenna  on  the  plane,  so  that  in 
the  limit  with  $— »«■  the  diagram  of  antenna  generally  ceases  to  depend 
on  wedge  angle. 

Page  91. 

On  the  other  hand,  with  an  increase  in  the  length  of  antenna  its 
radiation  pattern,  examined/considered  in  the  dependence  on  universal 
by  the  variable/alternating  t,  does  not  change  and  dependence  P(<p)  on 
the  angle  7  is  retained  with  any  1.  The  difference  indicated  is 
connected  with  the  fact  that  during  the  removal/distance  of  antenna 
from  the  edge/fin  of  key  its  effect  on  the  radiation  pattern 
decreases,  whereas  with  an  increase  in  the  length  of  antenna  the 
edge/fin  of  key  always  is  located  in  the  near  zone  of  antenna,  in 
consequence  of  which  is  retained  the  dependence  of  radiation  pattern 
on  the  wedge  angle.  If  in  contrast  to  the  basic  version  antenna  is 
excited  by  the  deferred-action  wave  (£>k,  a>0),  the  edge/fin  of  key 
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is  irradiated  more  intensely  and  the  dependence  of  radiation  patterns 
P(<p)  on  the  angle  7  it  is  amplified  (Fig.  4.6). 


Fig.  4.5.  Radiation  patterns  P(<p)  for  parallel  and  perpendicular 
polarization  at  different  angles  7  for  i=5,  a= 0,  q=0,  $=0.5:  1) 
7=0-60° ;  2)  7=120°;  3)  7*160°;  4)  7=170°;  5)  7=180°. 

Key:  (1).  deg. 

Page  92. 

On  the  contrary,  with  /3<k,  when  phase  wave  velocity,  which  excites 
antenna,  is  more  than  the  speed  of  light,  the  main  lobe  of  radiation 
differs  from  the  axis  of  antenna,  edge/fin  is  irradiated  more  weakly, 
which  leads  to  weakening  of  the  effect  of  wedge  angle  on  the 
radiation  patterns  P(<p)  (Fig.  4.7).  The  drop  of  the  amplitude  of 
field  from  the  center  to  the  edges  of  antenna  (q*0)  is  equivalent 
simultaneously  to  certain  shortening  of  antenna  and  its 
removal/distance  from  the  edge  of  key.  As  is  shown  calculation  (Fig. 
4.8),  the  effect  of  "removal/distance"  proves  to  be  predominant. 
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Together  with  the  examination  of  radiation  patterns  P(<p)  is  of 
interest  the  analysis  of  phase  diagrams  <!>(?/.  Fig.  4.9  shows  phase 
diagrams  Ofo),  corresponding  to  the  values  of  parameters  1*5;  5=0;  q=0; 
by  7*0°  and  170°;  o* 0  and  0.5. 


Fig.  4.6.  Radiation  patterns  P < )  for  different  ones  7  with  1*5,  5=0, 
O-0.5,  q=0 :  1)  7=0-30°;  2)  7*90°;  3)  7=150°;  4)  7=160°;  7=170°;  6) 
7=180°. 

Key ;  ( 1 ) .  deg . 
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Phase  diagrams  ‘IK?)  insignificantly  depend  on  wedge  angle  7.  In  the 
shadow  zone  phase  diagrams  <£(9)  approach  constant  limit  with  o->2jr. 
Since  the  reading  of  the  phase  of  diagrams  F(<p)  is  conducted  relative 
to  the  edge/fin  of  key,  then  this  means  that  in  the  shadow  zone  the 
phase  center  of  antenna  is  located  on  the  edge  of  key.  Since  in  the 
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region  of  light/world,  the  dominant  role  plays  the  intrinsic  emission 
of  antenna,  one  should  expect  that  with  <p<x  the  phase  center  must  be 
located  near  the  center  of  its  aperture. 


Fig.  4.7.  Radiation  patterns  P(®)  for  different  ones  7  with  1*5,  $*0, 
O—0.5,  q=0 :  1)  7=0-90°;  2)  7=150°;  3)  7=170°;  4)  7=180°. 

Key;  (1).  deg. 

Page  94. 

This  confirms  the  examination  of  the  phase  diagrams 

v  (?)  =■  ®  (?)  -  it  (r + -J-) cos  % 

corresponding  to  the  basic  version  and  calculated  relative  to  the 
center  of  aperture  (Fig.  4.9).  In  the  case  of  perpendicular 
polarization  in  the  limits  of  major  lobe  of  diagram  P(<p)  phase 
diagram  ©'{^“ronsU  i.e.  phase  center  in  the  region  of  major  lobe 
virtually  coincides  with  the  center  of  aperture. 


DOC  *  82036105 


PAGE  HS" 


Pig.  4.8.  Radiation  patterns  P($)  for  different  ones  7  with  X*5, 
q=0.52,  S-0,  a=0:  1)  7=0-30°;  2)  7=90°;  3)  7=120°;  4)  7-150°;  5) 
7=160°;  6)  7=170°;  7)  7*180°. 

Key:  (1).  deg. 

Page  95. 

During  the  parallel  polarization  phase  diagram  (9)  is  almost  linear 
in  the  region  in  question.  It  is  not  difficult  to  be  convinced  with 
the  aid  of  Fig.  4.9  that  the  phase  center  of  antenna  during  the 
parallel  polarization  is  located  at  point  with  the  coordinates 

*=0.15/(25+1), 
y==  —  0,12/  (2C-h  1)* 
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Fig.  4.9.  Phase  diagrams  of  antennas-,  arranged/located  on  key:  1) 
7*0;  1*5;  5*0 ;  <7*0;  q*0;  2)  7*0;  1*5;  $*0;  a*0.5;  q*0;  Z)  Jpr 7*150 
1*5;  5*0;  o-0;  q*0;  4) 


Key:  (1).  rad.  (2).  deg. 
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Page  96. 

The  analysis  of  the  results  of  the  numerical  calculations  of 
radiation  patterns  F(<p)  makes  it  possible  to  make  a  following 
conclusion.  A  change  in  the  wedge  angle  leads  to  substantial  changes 
in  the  radiation  patterns  (130°<9<210°)  only  at  7~150®  in  the  case  of 
parallel  and  at  7~90°  in  the  case  of  perpendicular  polarization,  if 
L>5A.  Therefore  during  the  solution  of  the  series/row  of  the 
practical  problems,  connected  with  the  calculation  of  antennas,  which 
are  located  on  the  surface  of  wedge  shape,  the  surface  of  key  with 
the  sufficient  degree  of  accuracy  can  be  replaced  by  half-plane, 
which  substantially  facilitates  the  calculation  of  antenna. 

4.3.  Approximate  methods  of  calculating  the  antenna  radiation 
pattern,  which  is  located  on  the  surface  of  key. 

In  the  preceding/previous  chapter  it  is  shown  that  the  radiation 
pattern  of  surface  antenna,  which  is  located  on  the  half-plane,  can 
be  represented  in  the  form  of  product  (3.24)  or  (3.25).  The  analogous 
approximate  representation  is  correct  for  the  antenna, 
arranged/located  on  the  key.  In  connection  with  this  there  is  special 
interest  in  the  description  of  the  radiation  pattern  of  elementary 
slotted  emitter  on  the  key.  Fig.  4.10  shows  radiation  patterns 
|u(<p)  l 3  slot,  which  is  located  on  the  key,  designed  according  to 
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precise  formula  (4.3)  for  the  series/row  of  the  values  of  angle  y  and 
distance  r=2A  from  the  slot  to  the  edge  of  key.  At  7^90°  diagram 
l“l  W **  insignificantly  differs  from  the  radiation  pattern  of  slot  by 
half-plane.  Therefore  at  7~90°  antenna  radiation  pattern,  which 
radiates  from  the  surface  of  key,  they  can  be  approximately 
calculated  by  formulas  of  S  3.2.  Together  with  the  approximate  method 
of  describing  the  radiation  pattern  of  slot  indicated  on  the  key  with 
the  apex  angle  of  7^90°,  it  is  expedient  to  obtain  approximate 
expressions  for  pattern  u(<p),  valid  at  any  values  of  angle  y. 

Page  97. 

For  this  purpose  in  appendix  1  are  determined  asymptotic  expressions 
for  the  radiation  patterns  u(<p),  which  correspond  to  condition  *r»l. 

Asymptotic  formulas  (1.12)  obtained  in  application/appenoix  I‘, 
(1.13)  can  be  used  for  the  approximate  computation  of  the  antenna 
radiation  patterns,  which  are  located  on  the  surface  of  key, 
according  to  the  method,  described  in  S  3.2. 

FOOTNOTE  1.  All  appendices  are  given  at  the  end  of  the  book. 


ENDFOOTNOTE. 
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These  formulas,  furthermore,  it  is  possible  directly  to  utilize  for 
calculating  the  surface  antennas  according  to  the  reciprocity  theorem. 
It  is  necessary  to  note  that  to  the  construction  of  the  asymptotic 
behavior  of  the  field,  which  diffracts  on  the  key,  are  dedicated  the 
works  of  Pauli  [49]  and  Oberhettinger  [50].  Asymptotic  formulas 
(1.12),  (1.13)  are  the  first  terms  of  the  asymptotic  series/rows, 
obtained  by  Oberhettinger  [50]  in  another  manner. 

For  the  evaluation/estimate  of  the  limits  of  the  applicability 
of  asymptotic  expressions  (1.12)  and  (1.13)  was  produced  the 
calculation  according  to  formulas  (4.2),  (4.3)  and  (1.12),  (1.13)  the 
radiation  patterns  of  slot,  which  is  located  on  the  surface  of  key 
(Fig.  4.11).  The  comparison  of  the  results  of  the  approximate  and 
precise  calculations  makes  it  possible  to  assert  that  asymptotic 
formulas  (1.12)  and  (1.13)  give  the  results  satisfactory  for 

practical  purposes  (with  the  accuracy  not  worse  than  10“ *-10"*),  if 

r>  x. 
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Fig.- 4.10.  Radiation  pattern  of  slot,  which  is  located  on  key,  when 
r-»:  1)  7=0°;  2)  7=90°;  3)  7=150°,  4)  7=165°. 

Key:  (1).  deg. 

Page  98. 

According  to  formulas  (1.12)  and  (1.13)  was  produced 
supplementary  performance  calculation  of  the  radiation/emission  of 
slot.  Fig.  4.12  gives  power  coefficients,  emitted  by  slot  in  the 
direction  of  the  boundary  of  shadow  (<p*v),  and  also  power 
coefficients  of  radiation/emission  on  the  shadow  face  of  the  key: 
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I  wx  Op  =  *)  la  =  j  I  +  exp  [—  i2«r  (a  -  *)*)  X 

x|i  ]/2e~l~F,  [iY^r  («-«)]}- 

-T^(t'  tg  i  +;^-}  /f  f ,  (4.4) 

I  “j_  (p  =  «)l‘  =  1 2e  *e 


x|l-^e"Vl[/^(a_a)])  +  ^«- 


(4.5) 


Calculation  is  carried  out  for  the  perpendicular  polarization 
depending  on  wedge  angle  7  for  the  series/row  of  values  r.  The 
curves,  shown  in  Fig.  4.12,  virtually  coincide  in  the  considerable 
range  of  values  of  wedge  angle,  that  is  adjacent  to  7*0.  The 
coincidence  of  curves  for  different  ones  r  in  the  region  indicated 
shows  that  at  y260P  radiation  pattern  of  slot  «x  (9)  is  universal 
relative  to  the  removal/distance  of  slot  T  from  the  edge/fin  of  key, 
i.e.,  it  depends  only  on  the  universal  parameter  t. 


150°.  Circles 
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Page  100. 

At  7>60°  curves  l«x  (<p=:t)|*  (<P=«)'a  begin  to  diverge,  and  diagram 

constructed  depending  on  the  universal  parameter  t,,  they  will 
more  noticeably  differ  from  each  other,  the  stronger  the  dependence 
=  ,=  on  r,  as  measure  of  which  can  serve  the  function 

=  e1*1^  J  —  4«i  {*  —  «)’  exp  { —  i2«r  («  —  *)•)  X 

/!<—*>  + 

+T-'""r(/f)‘(-T'«T'+^5-]f-  <4'«> 

Curves  *T)|*  (Fig.  4.13)  clearly  show  that  the  radiation  pattern 

of  slot  is  universal  in  the  sufficiently  wide  range  of  values  of 
wedge  angles,  that  is  adjacent  to  7*0,  and  also  in  a  small  interval 
of  values  y  near  7*ir.  Function  \K(y,  kO|*  reaches  maximum  at 
7*150°-170°;  the  position  of  maximum  depends  on  distance  r,  and  its 
value  sharply  decreases  in  proportion  to  the  removal/distance  of  slot 
from  the  edge/fin  of  key.  The  given  results,  based  on  the  analysis  of 
asymptotic  formulas  (1.12)  and  (1.13),  relate  not  only  to  the  thin 
slots,  but  also  to  the  directional  antennas,  arranged/located  on  the 
key. 
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Fig.  4.13.  Function  |A(y,  *rj|»  with  different  ones  7  and  r. 

Key:  (1).  deg. 

Page  101. 

4.4.  Radiation  patterns  of  "two-way"  antenna  on  the  key. 


As  the  illustration  of  the  approximate  computation  of  antennas, 
which  are  located  on  the  key,  let  us  calculate  the  radiation  patterns 
of  "bilateral"  antenna  on  the  key  (Fig.  4.14).  It  is  known  that  for 
accomplishment  of  the  survey/coverage  of  space  in  the  sector 
(Fig.  4.14)  necessary  to  utilize  two  antennas,  arranged/located  on 
the  faces  of  key.  Survey/coverage  in  the  sector  of  the  angles, 
distant  from  the  direction  G«*0,  is  realized  with  the  aid  of  one  of 
the  antennas,  by  changing  the  phase  of  field  distribution  in  its 


i 

i 
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aperture.  The  oscillation  of  diagram  in  the  sector,  which  is  adjacent 
to  d*0,  is  provided  by  the  selection  of  the  corresponding 
relationship/ratio  between  the  amplitudes  and  by  the  phases  of  the 
excitation  coefficients  of  both  antennas. 

In  order  to  calculate  "two-way"  antenna,  we  will  use  the  fact 
that  at  the  small  wedge  angles  7  the  radiation  pattern  of  the  surface 
antenna,  arranged/located  on  the  key,  differs  little  from  the  diagram 
of  antenna  on  the  half-plane.  In  turn,  for  calculating  the  antenna 
radiation  pattern  the  traveling  wave,  arranged/located  on  the 
half-plane,  we  will  use  in  an  approximate  manner,  described  into  3.2. 
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Fig.  4.14.  On  calculation  of  "bilateral"  antenna,  which  is  located  on 
key. 


Page  102. 


Noting  by  marks  "+"  and  the  values,  which  relate  respectively  to 
the  upper  and  lower  bounds  of  key,  let  us  record  as  follows  the 
radiation  patterns  of  both  antennas  during  the  perpendicular 
polarization: 

—  i 

■*x'  =  0+^e  4F,(«+>K5TfT)}/(3,  q,  /<+>). 

*<->  =  _{!  _^Se-'TFs(<<-H  2TFT)}/(3,  q,  /<-)),  (4./) 


where 


f(±)  — 2/~M’n  ±0.5r. 


/<*.  1<  t< *')  =  sin 

“<±,==T  I=>  +  (<(±)),1- 


According  to  the  principle  of  superposition  total  diagram  (diagram  of 
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"bilateral"  antenna)  can  be  represented  as  follows: 

*1 =  a>T)</( +t)  +  £e’W-)  (/<  -  >).  (4.8) 

Writing/recording  the  radiation  pattern  of  "bilateral"  antenna  in  the 
form  of  the  superposition  of  diagrams  <£<+>  and $><->,  we  it  is  disregarded 
by  interaction  between  these  antennas.  Interaction  it  would  be 
possible  to  consider,  if  to  use  Green's  functions  for  the  key  and 
reciprocity  theorem.  However,  we  will  be  restricted  to  the 
approximate  computation  of  "bilateral"  antenna.  Fig.  4.15  gives  the 
standardized/normalized  radiation  patterns  designed  for  the 

different  values  7  when  fl—i;  n,  o»0;  </=»0;  r=0;  Z.- lox.  The  examination  of 
figure  shows  that,  as  one  would  expect,  with  an  increase  in  the  wedge 
angle  major  lobe  of  diagram  becomes  narrow,  and  side-lobe  level 
increases.  Fig.  4.16  shows  diagrams  I'&j.WI*.  designed  for  the 
series/row  of  values  B  when  v*  12®,  <7—0,52  (power  level  of  field  on 

the  edge  of  aperture  it,  composes  10o/o)r  r=0,  L~=30K  0*0.  The  results 
of  calculations,  given  in  Fig.  4.15  and  4.16,  make  it  possible  to 
rate/estimate  the  distortion  of  the  radiation  pattern  of  the  antenna 
in  question. 
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Fig.  4.15. 


Fig.  4.15.  Radiation  patterns  of 

7. 


Fig.  4.16. 


"bilateral"  antenna  with  different 


Key:  (1).  deg. 

Fig.  4.16.  Radiation  patterns  of  "bilateral"  antenna  for  different 
values  of  parameter  B. 

Key:  (1).  deg. 
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4.5.  Comparison  of  the  results  of  calculation  with  the  experimental 
data. 


Since  the  calculations  of  the  radiation  patterns  of  surface 
antennas,  which  are  located  on  the  key,  were  conducted,  mainly, 
according  to  precise  formulas,  experimental  results  are  given  for  the 
purpose  of  the  evaluation  of  the  effect  of  the  divergence  of  the  real 
body  of  wedge  shape  from  the  infinite  key. 

The  measurements  of  radiation  patterns  were  made  in  the  mock-up, 
shown  in  Fig.  4.17.  Mock-up  was  the  angled  30°  metallic  sheet,  on  one 
of  faces  of  which  could  freely  be  moved  slotted  waveguide 
traveling-wave  antenna.  Slots  in  the  waveguide  were  gashed  in 
parallel  to  the  edge/fin  of  key,  which  corresponds  to  perpendicular 
polarization.  Phase  distribution  was  selected  so  that  the  velocity  o i 
propagation  of  the  exciting  wave  would  be  the  order  or  somewhat  less 
than  the  speed  of  light.  Amplitude  field  distribution  in  the  antenna 
was  almost  symmetrical,  that  collapses  to  the  edges  on  10  dfi.  Fig. 
4.18  compares  the  calculated  and  experimental  radiation  patterns  of 
surface  antenna.  The  comparison  of  calculated  and  experimental 
diagrams  shows  that  the  theory  makes  it  possible  to  sufficiently 
accurately  determine  the  antenna  radiation  patterns,  which  is  located 
on  the  key. 
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Fig.  4.17.  Form  of  experimental  mock-up. 

Page  105. 

Finite  dimensions  and  roundedness  of  the  edge  of  real  wedge-shaped 
body  insignificantly  affect  radiation  pattern.  Some  differences  in 
the  calculated  and  experimental  curves  are  caused  by  the  divergences 
of  real  field  distributions  in  the  antenna  from  field  distribution 
(4.1),  accepted  during  the  calculation. 
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-no  m  f*c  -220  180  itontpad 

Fig.  4.18.  Comparison  of  results  of  calculation  and  experiment:  1  - 
experimental  curve  (1=3.07,  5=1,  a* o,  q=0.52);  2  -  calculated  curve 
(1=3,  5=1,  v=0,  q=0.52);  3  -  experimental  curve  (1=3.07,  5=3,  a*0, 
q=0.52) ;  4  -  calculated  curve  (1=3,  5*3,  <x=0  q*0.52). 


Key  (0. 
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5.  Radiation  patterns  of  slots,  which  are  located  on  the  plane  and 
the  half-plane  with  surface  impedance. 

Together  with  the  analysis  of  the  dependence  of  the  radiation 
pattern  of  surface  antenna  on  the  form  of  the  ideally  conducting 
object,  is  of  interest  the  evaluation  of  the  effect  of  impedance  of 
surface  on  the  radiation  characteristics  of  antennas  of  the  type  in 
question.  The  knowledge  of  the  dependence  of  radiation  pattern  on  the 
value  of  surface  impedance  makes  it  possible,  in  particular,  to 
determine  the  effect  of  sealing  coats  on  the  radiation/emission  of 
slot  antennas,  to  rate/ estimate  the  effect  of  the  final  conductivity 
of  metal  on  the  radiation  patterns  of  surface  antennas. 

Page  106. 

The  solution  of  the  problem  indicated,  furthermore,  it  is  of 
independent  interest  and  can  be  used  for  the  determination  of  the 
value  of  the  surface  impedance,  necessary  for  the  formation  of  the 
required  radiation  pattern. 

In  this  chapter  will  be  examined  the  radiation  patterns  of  the 
thin  slots,  which  are  located  on  the  impedance  plane  and  the 
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impedance  half-plane.  In  the  case  of  impedance  plane  the  radiation 
pattern  of  slot  it  is  not  difficult  to  calculate,  using  reciprocity 
theorem. 

A  precise  calculation  of  the  radiation/emission  of  slot,  which 
is  located  on  the  impedance  half -plane,  can  be  produced  on  the  basis 
of  the  results  of  work  [51].  However,  exact  expressions  for  the 
radiation  patterns,  obtained  thus,  are  bulky  and  complicated  for  the 
practical  use.  In  order  to  entreat  numerical  calculations,  and  to 
also  give  simplicity  and  clarity  to  the  expressions,  which  describe 
the  radiation  pattern  of  slot  on  the  impedance  half -plane,  we  will 
use  the  approximation  method  of  Kirchhoff.  In  accordance  with  the 
approximation/approach  of  Kirchhoff  we  will  consider  that  the  field, 
created  by  slot  on  the  surface  of  impedance  half-plane,  coincides 
with  the  field  of  slot  in  the  section  of  impedance  plane.  The  problem 
about  the  excitation  of  impedance  plane  by  slotted  emitter  is  in 
detail  examined  in  appendix  II. 

5.1.  Calculation  of  the  radiation  pattern  of  slot,  which  is  located 
on  the  impedance  plane. 

The  radiation  pattern  of  slot  in  the  impedance  plane  is  the 
superposition  of  the  radiation  field  of  slot  and  fields,  created  by 
the  ground  waves,  which  are  excited  on  the  impedance  surface  in 
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question. 

The  radiation  field  of  slot  in  the  remote  zone  can  be  determined 
as  follows.  Let  on  the  impedance  plane  fall  at  angle  a  the  plane  wave 
(Fig.  5.1) 

u  _ J*'  cot  (*— «>  "T 

•  rit  —  t  ev, 

M 

Page  107. 


On  the  geometric  optic/optics  complete  field  at  point  <r.  *)  has  the 
following  value: 

H  =  (e'"  ^ <*-'  -f  r,e'"  (*+*;  }ey,  (5.1) 

where  r0—  reflection  coefficient  from  the  impedance  plane.  If  the 
surface  impedance  Z  of  plane  is  purely  reactive/ jet ,  field  I? 
satisfies  the  boundary  condition 


J _ oH_ 

H  ay 


=  -KT|, 


where  1 1  =  — jZ/Z„—  real  value; 


Z,  =  j/m/«,=: i20«(o.it)—  the  impedance  of  free  space  l. 


FOOTNOTE  1 .  Values  t).  corresponding  to  different  impedance 
structures,  are  given  in  works  [12,  31].  ENDFOOTNOTE. 


Substituting  complete  field  (5.1)  in  equation  (5.2),  we  find  the 


DOC  -  82036105 


PAGE  f6£ 


value  of  the  coefficient  of  reflection 


p  _ «tn  «  —  bj 

•  *ina+  i-»j‘ 


Thus, 


Hy=e 


I  *r  coi  (*— <1 


flln  «  —  i*|  i*r  co»  (8  +  «) 
sin  «  +  ii) 


(5.3) 


Utilizing  (5.3)  and  a  reciprocity  theorem  (1.5),  we  will  obtain 
following  field  expression  of  the  radiation/ emission  of  slot  in  the 
remote  zone: 


rj u«  sin  ft 
M  (»)  =  — • 


2  sinft  +  ii)' 


(5.4) 


For  calculating  the  amplitudes  of  the  excitation  of  ground  waves 
and  field,  created  by  them,  can  be  also  used  the  reciprocity  theorem. 


The  idea  of  the  use/application  of  a  reciprocity  theorem  for 
calculating  the  amplitudes  of  the  ground  waves,  which  are  propagated 
along  the  interface  of  two  media,  belongs  to Gteib«u[53 ]  and  is 
presented  in  works  [36]  and  [12].  Let  the  infinite  thin  slot  in  the 

impedance  plane  x*0  (Fig.  5.1)  be  excited  by  the  field 

■*  -» 

—  (5.5) 

Page  108. 

^  ^  ^  «♦ 

Let  us  designate  Ev  ffr—  the  complete  field  of  slot;  —  the 

ground  waves  of  single  amplitude;  ER,  HR—  radiation  field.  Noting  by 
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index  "1"  the  field  of  the  ground  wave,  which  runs  in  direction  z>0, 
and  by  index  "2"  -  the  field  of  the  wave,  which  runs  in  direction 
z<0,  can  be  written: 

Er  =  -  a/ „  -f  =  a,  Hn  +  HR  (for  z>0)  (5.6) 

and 

£T  =  a, H afi n-\- H k  (for  z<0), 

where  aut—  unknown  amplitudes  of  ground  waves. 

Taking  into  account  the  polarization  of  the  exciting  field  it  is 
obvious  that: 

£n=e~Tv*;,; 

\ 

~p  it  „  I  -> 

c,x - —  Hnet  —  jc.  (5.7) 

£•*  ~  ~  m  +  5T 
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Fig.  5.1.  On  calculation  of  radiation  pattern  of  slot  in  impedance 
plane. 
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In  view  of  boundary  condition,  which  must  satisfy  the  ground 
waves : 

E"' - - - =  -iti  2. 


and  therefore 


(•5.8) 


The  total  field  of  slot  et  and  ht  and  ground  waves  •>  H,u , 
satisfy  reciprocal  relation: 

^  {{£t»  *«.  ii  — 12„,  „  /fTj}  n^lf  =0, 


(5.9) 
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where  n. the  standard/normal ,  external  with  respect  to  the  space, 
limited  by  surface  of  F,  which  consists  of  the  flat/plane  sections 
Fw  PMI  F2  and  F,  (Fig.  5.1).  Since  the  field  of  ground  waves 
rapidly  decreases  in  proportion  to  removal/distance  from  plane  x*0, 

•A. «  —  f  B„,t] —  I^m,  »i  //T)}  nt df  =0.  (5.10) 

»» t 

Integrals  on  surfaces  of  F,  and  F,  in  view  of  the  orthogonality  of 
the  radiation  fields  and  ground  waves  [36}  are  equal  to 

{ J+ 1 }  {l£r 

-l Hr\)  =  2a,.,  J  l A,  B\  etdxx  (5. 1 1) 

respectively  for  the  waves,  which  are  propagated  in  directions  z>0 
and  z<0.  In  expression  (5.11)  are  introduced  the  designations 

(5.12) 
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Let  us  now  calculate  integral  (5.9)  in  section  F,  of  surface  F: 

J*  ~ j  (l^r  ft »«.  *1  ~  (£«. ..  #TJ)  njf.  (5. 1 3) 

On  surface  of  F,,  which  coincides  with  the  impedance  plane. 

Therefore 

A-  J  {M,I|8W-tiz.|w;i]iw:iiIi+ 

— «D 

-f11z.|//;i_tiiw;i[?„  e,\}  ejz= 

=  -]\H'„x\l(z)dz  =  -U  (5.15) 

00 

Substituting  the  value  (5.10),  (5.11),  (5.15)  integrals  Jw,  Jlf  J,, 
J,  in  relationship/ratio  (5.9),  we  obtain 


<h. 


i 

00 

2  J  f A,  B]  e^ii 
o 


(5.16) 


In  accordance  with  expressions  (5.12)  and  (5.16)  the  amplitudes 
of  excitation  a lml  of  ground  waves  take  the  following  form: 


a,. 


V  i  +  ij*  ‘ 


(5.17) 
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Therefore  according  to  expressions  (5.7),  (5.8)  and  (5.17)  the 
magnetic  intensity  of  ground  waves  on  the  impedance  plane 

a* =  «•  -p=2==f  «P  l'*  V  T+V  \z'\\e¥.  (5. 1 8) 

Page  111. 


Using  expression  (5.18),  it  is  not  difficult  to  determine  the 
contribution,  introduced  by  ground  waves  into  the  radiation  pattern 
of  the  slot 


/M»)  = 


<i>«  2-r;1 

~T  4-  »* 


(5-19) 


Uniting  relationships/ratios  (5.4)  and  (5.19),  we  obtain  the 
following  expression  for  the  radiation  pattern  of  the  slot: 

2  (siitT+T)  V  +  sin*»/' 

Analogous  result  can  be  obtained  by  another  method.  In  appendix  the 
II  method  of  solution  of  integral  equation  found  magnetic  field 
(11.21),  created  by  slot  on  the  surface  of  impedance  plane.  Using 
expression  (11.21),  it  is  possible  to  calculate  magnetic  field  H(x, 
z)  at  any  point  of  space  above  impedance  plane  (x£0).  Calculation 
shows  that 


i 


i 


J 
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H  (x,  z)=^~  {<  1*  fx'+Jz-  iy|  - 

oo  I  4-  iao 

_!3.  i')ij[  j  “PMir.^JlU 


<s  —  1  —  V 


X 


X  Vt'-ldt]  </z'+4=£=fX 

00 

X  J  e1? '  ~r '  ff>  yx*  +  {z-zy\  dz>  ]  •  (5.21) 


In  order  to  determine  the  radiation  pattern  of  slot,  let  us 
introduce  the  cylindrical  coordinates 

x— rsinG,  y=y,  z=r  cosfl 

and  let  us  pass  to  the  limit  with  r-*®  in  expression  (5.21).  After 
the  replacement  of  the  Hankel  functions  in  (5.21)  them  asymptotic 
expressions  it  will  seem  that 

//<,.»,= “/3V(-4)x 

I  +  iao  ______ 

v/l_2i3  f  <  >•'*»—  I  dt  2rj‘  , 

\  *  J  V"—  I  —  V)  (»*  —  co»*0)  ~Tf*  —  gin*  it  f 
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^ssing  to  variable/alternating  t  =  ^  v -)- f  in  the  latter/last 
integral,  and  then  dividing/marking  off  integrand  into  the  common 
fractions,  we  obtain 


l  +  ia 


r  t  dt  «_  i 

1  (<*  —  1  —  I*)  (i*  —  o5*r5)’  ™  2  tin  #  +  iij' 


Thus,  finally  expression  for  the  radiation  pattern  takes  the 
following  form: 

H(r,  ♦)  =  “  l/I«H)  i-j£± 

2  v  *xr  c  \fin#+*i|  i)*  +  sin«T| 

(5.22) 


j 
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Comparing  expressions  (5.22)  and  (5.20),  we  are  convinced  of  the 
complete  identity  of  the  radiation  patterns  of  slot  on  the  impedance 
plane,  designed  by  different  methods. 

5.2.  Dependence  of  the  form  of  the  radiation  pattern  of  slot  on  the 
impedance  plane  on  the  value  of  impedance. 

Fig.  5.2  gives  the  results  of  calculating  the 
standardized/normalized  radiation  pattern  of  slot,  which  is  located 
on  the  impedance  plane. 
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Fig.  5.2.  Radiation  pattern  of  slot,  which  is  located  on  the 
impedance  plane. 

Key;  (1).  deg. 

Page  113. 

Radiation  patterns  are  calculated  with  the  aid  of  expression  (5.22) 
for  the  series/row  of  the  values  of  parameter  n-  When  which 

corresponds  of  the  ideally  conducting  planes,  the  radiation  pattern 
of  slot  is  uniform.  At  small  values  n  the  diagram  of  slot  is 
virtually  uniform  with  exception  of  regions  near  -0*0 0  and  180°,  where 
there  are  two  sharp  lobes/lugs,  the  caused  by  radiation/emission 
ground  waves,  which  spread  from  the  slot.  With  increase/growth  i\  the 
contribution  of  ground  waves  to  the  radiation  pattern  increases,  and 
radiation  field  -  it  decreases,  which  is  clearly  confirmed  of  the 
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curves  of  Fig.  5.2.  It  is  possible  to  show  that  the  power,  emitted  by 
ground  waves,  changes  in  the  dependence  on  the  impedance  as  tjVd+ri*) 
and  the  power  of  radiation  field  -  as  1/(1+tj2).  Therefore  when  t) — ►<) 
the  radiation  pattern  of  slot  becomes  uniform  as  a  result  of  the 
decrease  of  the  power,  emitted  by  ground  waves.  However,  when  n  — 00 
the  power  of  radiation  field  decreases  also  with  sufficiently  large 
ones  n  (for  example,  *1*10)  radiation  pattern  also  becomes  uniform. 
In  this  case  almost  entire/all  energy  is  emitted  by  the  ground  waves 
each  of  which  as  a  result  of  the  strong  delay/retarding/deceleration 
creates  wide  radiation  pattern,  so  that  as  a  result  of  the 
superposition  of  the  fields  of  ground  waves  the  total  field  of  slot 
again  becomes  uniform. 

Interesting  results  according  to  the  calculation  of  the 
radiation  patterns  of  single  horizontal  wire  and  vertical  dipole 
above  the  impedance  plane  are  given  in  works  [55,  56].  In  the  works 
indicated  the  impedance  surface  properties  are  caused  by  the 
dielectric  coating  of  the  ideally  conducting  screen.  Some  results  of 
works  [55,  56]  can  be  found  in  book  [36]. 

5.3.  Calculation  of  the  radiation  pattern  of  slot,  which  is  located 
on  the  impedance  half-plane.  In  order  to  calculate  in  the 
approximation/approach  of  Kirchhoff  the  radiation  pattern  of  slot, 
which  is  located  on  the  impedance  half -plane,  should  be  used 
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Kirchhoff's  formula  (S  1.3)  and  expression  (11.21)  of 
application/appendix  for  the  field  of  slot  on  the  surface  of 
impedance  plane. 


Page  114. 

However,  the  complicated  integral  in  expression  (11.21),  which 
corresponds  to  radiation  field  on  the  surface  of  screen,  will 
considerably  hinder/hamper  the  numerical  calculations  of  the  diagram 
of  slot,  which  is  located  on  the  half-plane.  Therefore  it  is 
expedient  to  approximate  the  integral  indicated  by  simpler  function. 


First  of  all  let  us  examine  the  dependence  of  integral  in 
expression  (11.21)  of  value  z'  at  the  different  values  of  parameter 
ti.  For  this  was  designed  the  function 


SH  (0,  z',  ,|)  =  H,  (0,  r',  t,)  -  //,  (0.  y,  0)  = 

y'—i I*.  (5.23) 

1 

which  does  not  have  in  contrast  to  the  special 

feature/peculiarity  at  point  z’  —  T.  In  expression  (5.23) 

H ,  (0 . ,)  =  ^  ’  ]* gpj;  ^ ■;  1 n  dt.  (5  24) 

1 

//,  (0,  0)  =  '-21 '  7  ..  _ 

n  J  ' 

i 

=-T-W(o,>(«l*'-r|)  (5.25) 

of  the  value  of  the  radiation  fields,  created  by  slot  on  the  surfaces 
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of  impedance  and  ideally  conducting  of  screens  respectively. 

If  one  assumes  that  /clz'— ri  is  sufficiently  great,  it  is  possible 
to  obtain  in  accordance  with  (5.23)  the  following  asymptotic  formula 
for  function  z?  rj): 

x{l  —  |^2"e‘  ^/=-,  (j/EIZHEl,)  }.  (5.26) 

where  „  . 

M0)  =  je-‘T 

Page  114. 


The  comparison  of  the  results  of  precise  and  approximate  computations 
shows  that  when  nil  formula  (5.26)  sufficiently  accurately 
approximates  expression  (5.23)  with  any  Iz'—l'1. However,  when  n>l 
there  is  a  noticeable  disagreement  between  expressions  (5.23)  and 
(5.26)  near  the  slot  (z'  *r).  It  is  possible  to  show,  that  with  *'*r 
and  small  values  n 


Aff(0.  r,  •,)  = 


i  V/(Ot 


V>  +  v’  + 1 
Vi  +nt-n 


4 


4- In 


/'  +  V-1  \  * _ 1, 

/‘+V-I--YI  2 


(5.27) 


which  is  located  in  accordance  with  expression  (5.26).  However,  when 
n>l  and  z'-r 


A//(  0. 


(5.28) 
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i.e.,  expressions  (5.23)  and  (5.26)  actually/really  essentially  are 
distinguished  when  z'^r  and  »)>1.  Nevertheless,  since  of  greatest 
practical  interest  are  the  structures  with  n<l,  during  calculation  of 
the  radiation  pattern  of  slot,  which  is  located  on  the  impedance 
half-plane,  we  will  approximate  field  H(0,  z’,  rj)  by  the  following 
function: 

tft(0,  z',  n) « 

(*!*'”  rD— 1 [«*!*'  —  T|  fl-f  -^jX 
X [  1  -  ^ e‘  * F,  (Y iSHEi ,)]>.  (5.29) 

It  should  be  noted  that,  although  expression  (5.29)  when 
noticeably  differs  from  precise  when  r ,  it  it  is  possible  to  use 

for  calculating  the  radiation  pattern  of  slot  virtually  with  any  *!• 
since  when  rj»l  the  dominant  role  in  the  formation  of  pattern  play 
the  ground  waves  (see  Fig.  5.2).  Furthermore,  asymptotic  formula 
(5.29)  noticeably  differs  from  precise  only  when  z,»r. 

Let  us  now  move  on  to  the  calculation  of  the  radiation  pattern 
of  slot,  which  is  located  on  the  impedance  half-plane. 

Page  116. 

Let  on  the  surface  of  impedance  half-plane  be  located  the 
ideally  thin  and  infinitely  long  slot,  which  excites  space  in 
accordance  with  condition  (II. 4).  In  the  approximation/approach  of 
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Kirchhoff  the  slot  creates  the  following  distribution  of  magnetic 
field  on  the  surface  of  the  semi-infinite  screen: 

Hy  =  H( 0,  ,)  *  ^  (if|z'  —  r|)  — 

—  ■ nexp|i*|z'  —  r|(I  H-V/2)l[l  — 

+  yi+,.  «Pli'^'T+VI*'-r||}  (5-30) 

UN  A 

npn  ,v  =  +  0;  0<2 < oo;  —  °°<i/<oo; 

HV  =  Q  n^H  x——0. 

Key:  (1).  with. 

For  calculating  the  radiation  pattern  of  slot  we  will  use 
Kirchhoff's  formula  (1.62).  Value  H(Q,  z’)  is  determined  in  (5.30), 
and  ~ijt ' ~ L  is  expressed  as  H(0,  z')  with  the  aid  of  condition 
(II. 4) . 

Assuming  that  observation  point  is  located  in  the  remote  zone, 
and  taking  into  account  of  radiation  condition,  after  integration  for 
Kirchhoff's  formula  we  obtain  the  following  expression  for  the 
radiation  pattern  of  the  thin  slot,  which  is  located  on  the  impedance 
half-plane: 
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H(».T.^=l+!^F±,|n^T1- 

+T- ['-? *"  r>.w]- 

-l+/re'T£-f,  (|  »,!))+ 


+  ^-Tvl|-  <M0 

sin’—+-V  Jl 

“FIT?  |ir[-2iei  *  sin^[l  +  ^ e"‘ ~ 
-  eiu>  [  1  +  /  2  e  T  F,  (t,,)]  ]  — 5*  [  1  + 

+  /2  e~‘  T  F,  (dO  +  £e'*  [  1  -  /  2  e"  T  F,  (*J  ]  ]  ] . 


where  _ 

o,  =  2F2ycos-^-;  o,  =  F2?V.  p,  =  2  V^( /• +’l‘  ~  Of 

O.  —  2 (  Ff+Y-f  1)t;  M  =  4*Tr^cos,4-+-T-); 
«,=s2*Y(cos»-f  4-V);  “»  =  2*y (cos ft  —  /  1+V); 

v-r/x—  the  distance  from  the  slot  to  the  edge  of  half-plane, 
measured  in  the  wavelengths. 
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Expression  (5.31)  is  the  solution  of  stated  problem.  With  the 
aid  of  this  expression  were  designed  the  radiation  patterns  of  slot 
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for  the  series/row  of  the  values  of  parameters  n  and  7. 

It  should  be  noted  that  the  obtained  solution  of  problem  for  the 
slotted  emitter  can  be  used  for  calculating  the  antenna  radiation 
patterns,  arranged/located  on  the  impedance  half-plane.  If  is 
assigned  amplitude-phase  field  distribution  in  the  aperture  of 
surface  antenna,  its  radiation  pattern  U (d)  can  be  expressed  as 
follows: 

T  +  « 

(/(*)  =  j  A  foe* 5) dL 


Page  118. 

5.4.  Results  of  the  numerical  calculation  of  the  radiation  pattern  of 
slot,  which  is  located  on  the  impedance  half-plane. 

Radiation  pattern  |//(d,  n)!  begins  to  differ  from  the  radiation 

pattern  of  slot,  which  is  located  on  the  ideally  conducting 

half-plane,  at  the  value  of  parameter  t|,  equal  to  already  0.01.  With 

an  increase  in  the  surface  impedance  this  difference  becomes  ever 

more  noticeable  (Fig.  5.3).  If  value  n  grows/rises  from  0  to  0.1, 

the  principal  maximum  of  radiation  pattern  !//(#,  n)l  .decreases,  falls 

the  radiation/emission  of  slot  in  the  shadow  zone  and  in  the 

penumbra.  This  is  explained  by  the  fact  that  for  the  values  n 

indicated  the  fundamental  contribution  to  the  diagram  gives  the 
radiation  field  of  slot,  which  changes  with  increase/growth  rj,  as 

shown  in  Fig.  5.4. 
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Fig.  5.3.  Radiation  patterns  of  slot  n) !.  which  correspond  7«5  and 
to  different  values  *■ 


Key:  (1).  deg. 


Key:  (1).  deg. 
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The  role  of  ground  waves  in  the  sector  of  angles  (110°<d<240°)  when 
n= 0.01-0.1  and  7*5  is  small,  since  the  value  of  the  maximum  of  the 
radiation/ emission  of  the  ground  wave,  which  encounters  to  the  edge 
of  half-plane,  is  proportional  to  and  the  radiation/emission  of 
the  ground  wave,  which  is  propagated  in  direction  i>0,  when  n*o-ol-*-0,l 
is  concentrated  near  0-0*.  With  an  increase  in  parameter 
n  from  0.1  to  0.2  at  7*5  (Fig.  5.3)  grows/rises  the 
radiation/emission  of  slot  in  the  shadow  region,  appears  the  new 
maximum  of  diagram  near  the  geometric  boundary  of  shadow.  These 
changes  in  the  radiation  pattern  are  caused  by  the  radiation/emission 
of  the  ground  wave,  which  is  propagated  in  direction  z*<0.  Further 
increase  in  the  surface  impedance  leads  to  a  considerable  increase  in 
the  maximum  of  diagram,  caused  by  the  radiation/emission  of  ground 
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Fig.  5.5.  Radiation  patterns  | //<«.  n)>.  which  correspond  7=5  and  to 
different  values 

Key:  (1).  deg. 

Page  120. 

At  comparatively  small  values  (tj^0,2),  when  the  radiation/emission 
of  the  ground  wave,  which  is  propagated  in  direction  z>0,  in  region 
(90o4O<240°)  in  question  is  small,  the  radiation  pattern  of  ground 
waves  (Fig.  5.6)  virtually  coincides  with  the  diagram  of 
traveling-wave  antenna,  located  near  the  edge/fin  of  the  ideally 


At  the  sufficiently  high  values  of  surface  impedance  [tj>t|i=»t|(y)] 
for  the  radiation  pattern  of  slot  is  characteristic  the  decrease  of 
the  absolute  value  of  the  main  thing  the  maximum  of  diagram. 
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Fig.  5.6.  Standardized/normalized  radiation  patterns  of  ground  waves 
!//«•<<►.  n)l  for  the  case  7*5  and  different  values  n. 

Key :  ( 1 ) .  deg . 
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Value  tji(y),  with  which  principal  maximum  reaches  the  greatest  value, 
corresponds  ff*l  for  the  ground  wave,  which  encounters  to  the  edge  of 
half-plane.  When  the  absolute  maximum  of  the  radiation  pattern 

of  slot  is  displaced  into  the  region  of  the  complex  angles  (see 
Chapter  2).  The  radiation  patterns  of  slot,  which  correspond  to  large 
phase  changes  o,  they  are  shown  in  Fig.  5.7.  For  7*5  the  principal 
maximum  of  the  radiation  pattern  of  slot  reaches  the  greatest  value 
when  0,45,  while  for  7-10  -  when  %— 0.32.  For  the  values  ni  and  7 
indicated  supplementary  phase  change  a«l. 
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Fig.  5.7.  Radiation  patterns  of  slot  n>|.  which  correspond  7*10 
and  to  different  values  ’*• 

Key :  ( 1 ) .  deg . 

Page  122. 

Since  at  sufficiently  high  values  n  (Fig.  5.5  and  5.7)  the  absolute 
value  of  minor  lobes  virtually  does  not  depend  on  n.  relative 
side-lobe  level  sharply  grows/rises  when  About  the  speed  of  the 

increase  of  relative  side-lobe  level  testify  the  curves,  shown  in 
Fig.  5.8.  Curves  have  maximums  when  n— HttY)  (Y“,0<  hi-O^  and 
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Y“5,  t|j  =0,45) ,  moreover  the  values  of  these  maximums  are  virtually 
identical.  The  equality  of  the  maximums  of  curves  in  Fig.  5.8  is  not 
by  chance,  since  at  the  identical  values  a  of  the  radiation  pattern 

of  slots,  distant  up  to  different  distances  y  from  the  edge  of 

half-plane,  have  the  identical  values  of  principal  maximums,  since 
with  that  fixed/recorded  o  the  value  of  maximum  is  proportional  h*Y. 
and  ti*y«<t= const. 

When  1/2 /y ,  the  position  of  principal  maximum,  the  width  of 

radiation  pattern  at  the  level  of  half  power,  radiation  level  of  slot 

in  the  direction  of  the  geometric  boundary  of  shadow,  i.e.,  that  part 

of  the  diagram  where  the  dominant  role  plays  the  radiation/ emission 
of  the  ground  wave,  which  encounters  to  the  edge  of  half-plane,  can 
be  designed  with  the  sufficient  degree  of  accuracy  on  the  base  of  the 
results  of  the  study  of  traveling-wave  antenna,  led  in  Chapter  3. 


DOC  *  82036106  PAGE  vr'/ti 

|W|  «r 
♦ 

3 

2 

1 

0 

Pig.  5.8.  Values  of  the  principal  maximums  of  the  radiation/ emission 
of  slot,  which  correspond  r*5  and  10  and  to  different  values  n. 

Page  123. 

In  the  shadow  zone  the  radiation/emission  of  slot  monotonically 
decreases  in  proportion  to  removal/distance  from  the  boundary  of 
shadow,  if  the  value  of  surface  impedance  is  comparatively  small.  At 
sufficiently  high  values  curves  H($,  n)1  (Fig.  5.7)  become  cut  in 
the  shadow  zone  as  a  result  of  the  interference  of  the  diffraction 
fields,  which  correspond  to  ground  wave  and  radiation  field  of  slot. 

5.5.  Evaluation/estimate  of  the  accuracy  of  the 
approximation/approach  of  Kirchhoff. 
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The  estimation  of  error  in  the  approximation/ approach  of 
Kirchhoff  will  be  carried  out  for  two  cases,  when  obtaining  the 
accurate  results,  necessary  for  the  comparison,  does  not  present 
difficulties.  Let  us  at  first  compare  the  radiation  patterns  of 
sharpened  slot,  which  is  located  on  the  ideally  conducting 
half-plane,  calculated  in  the  approximation/approach  of  Kirchhoff  and 
by  precise  formula  (3.18).  The  second  example  will  make  it  possible 
to  rate/estimate,  as  affects  the  value  of  the  impedance  of  surface 
the  accuracy  of  the  results,  obtained  with  the  aid  of  the 
approximation/approach  of  Kirchhoff.  For  this  let  us  calculate  in  the 
approximation/approach  of  Kirchhoff  the  radiation/ emission  of  the 
ground  wave,  which  encounters  to  the  edge/fin  of  impedance 
half-plane.  A  strict  solution  of  the  problem  indicated  is  obtained  in 
work  [52],  Approximate  solution  of  the  problem  for  the  slot  on  the 
ideally  conducting  half-plane  is  not  difficult  to  determine  from 
expression  (5.31).  After  assuming  tj-0  in  formula  (5.31),  we  will 
obtain  the  following  approximation  for  the  radiation  pattern  of  the 
slot: 

H  (*>  *)  l^o  =  H  (*.  Y.  0)  =  1  +  sign  (sin  &)  — 

—  sin -j- sign  (cos  4")  [l  — /2”e  '  4  Ft  (2  ^27 cos  -5-)  ] • 

(5.32) 

With  the  aid  of  expression  (5.32)  were  designed  the  radiation 
patterns  of  slot  for  7*2  (curve  1  in  Fig.  5.9).  The  same  figure  gives 
precise  values  of  the  radiation  pattern  H(«,  0,  7),  designed 
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according  to  expression  (3.18)  (curve  2).  The  comparison  of  the 
results  of  the  approximate  and  precise  calculations  shows  that 
Kirchhoff’s  method  satisfactorily  describes  the  radiation  pattern  of 
slot  in  the  region  of  major  lobe,  first  minor  lobes  and  in  the 
monotonically  decreasing  section  of  radiation  pattern  in  the  region 
of  the  penumbra  where  the  dominant  role  plays  the  radiat ion/emission 
of  the  current  wave,  half-plane  incoming  to  the  edge. 

Page  124. 

In  the  remote  minor  lobes  and  in  the  shadow  zone  far  from  d*180° 
method  gives  noticeable  errors  as  a  result  of  the  fact  that  the 
approximation/approach  of  Kirchhoff  does  not  consider  currents, 
reflected  from  the  edge  of  half-plane  and  flowing  in  to  the  shadow 
side  of  screen.  In  proportion  to  the  removal/distance  of  slot  from 
the  edge  of  half-plane  the  sector  of  angles  in  which  Kirchhoff' s 
method  gives  satisfactory  results,  is  expanded,  since  decreases  the 
strength  of  current,  which  encounters  to  the  edge  of  half-plane. 

Let  us  now  examine  the  ground  wave 
HV  —  'T'+X 

£‘,s=—i£e~*xe~i*ylr+**;  (5.33) 

encountering  from  infinity  to  the  edge/fin  of  impedance  half-plane. 
The  standardized/normalized  radiation  pattern  of  this  system  is 
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determined  by  expression  [52] 

V  *ia*  -j- 

f  {f)  “  'V  +  *k‘  f  • 


(5.34) 
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Fig.  5.9.  To  evaluation/estimate  of  the  accuracy  of  the 
approximation/approach  of  Kirchhoff  (n— <*)• 

Key :  ( 1 ) .  deg . 
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Formula  (5.34)  shows  that  diagram  f ( «p )  is  symmetrical  relative 
to  direction  <p*x  and  has  a  maximum  in  the  direction  of  propagation  of 
ground  wave.  With  e«0  the  radiation  pattern  is  always  equal  to  zero. 

Using  expressions  (5.33)  and  (1.62),  it  is  not  difficult  to 
calculate  the  radiation  pattern  of  ground  wave  in  the 
approximation/approach  of  Kirchhoff: 
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Expression  (5.35)  also  symmetrically  and  has  a  maximum  in  the 
direction  v*t.  However,  with  o«0  diagram  is  not  turned  into  zero  when 
n^O.  For  the  quantitative  evaluation/estimate  of  the 
approximation/approach  of  Kirchhoff  Fig.  5.10  gives  the  results  of 
calculation  according  to  precise  (5.34)  and  that  approximated  (5.35) 
to  formulas  for  several  values  n-  The  comparison  of  results  shows 
that  precise  and  approximated  diagrams  are  substantially 
distinguished  only  in  the  sector  of  angles,  close  to  em0.  Thus,  it  is 
possible  to  conclude  that  Kirchhoff's  method  is  suitable  for 
performance  calculation  of  the  radiation/ emission  of  the  sources, 
arranged/located  on  the  impedance  half -plane. 
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Fig.  5.10.  To  evaluation/estimate  of  the  accuracy  of  the 
approximation/approach  of  Kirchoff  small  circles  showed  approximate 
values. 


Key :  ( 1 ) .  deg . 
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6.  Radiation  characteristics  of  antennas,  which  are  located  on  the 
bodies  with  the  constant  and  weakly  changing  curvature. 

Bodies  from  the  constant  or  weakly  changing  by  surface  curvature 
relate  to  the  important  and  very  vast  class  of  aerodynamic  objects. 

To  the  analysis  of  radiation  of  antennas,  which  are  located  on  the 
bodies  of  the  form  indicated,  are  dedicated  the  investigations  of  a 
number  of  the  Soviet  and  foreign  authors.  In  the  work  of  Pistol'kors 
[2],  [3]  is  solved  the  problem  about  the  radiation/emission  of  the 
slots,  arranged/located  on  the  surface  of  cylinder.  Belkina  and 
Weinstein  [23]  in  detail  investigated  the  characteristics  of 
elementary  sources,  which  are  located  on  the  sphere.  White  [57,  58] 
obtained  a  number  of  interesting  results,  which  relate  to  radiation 
of  the  antennas,  arranged/located  on  the  cylinder. 

Detailed  bibliography  on  the  question  in  question  the  reader  can 
find  in  works  [4,  59]. 

In  present  chapter,  in  contrast  to  the  cited  works,  primary 
attention  is  given  to  the  analysis  of  the  radiation  characteristics 
of  the  antennas,  which  possess  sufficiently  high  directivity.  The 
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obtained  results  make  it  possible  to  rate/estimate,  as  they  affect 
constant,  slowly  changing  to  rate/estimate,  as  affect  the  constant, 
slowly  changing  and  dual  surface  curvature  shaping  of  the  antenna 
radiation  pattern. 

6.1.  Radiation  patterns  of  the  thin  slots,  arranged/located  on  the 
cylinder. 

Let  us  examine  the  characteristics  of  elementary  slotted 
emitters,  which  are  located  on  the  surface  of  the  ideally  conduct 
circular  cylinder. 

For  calculating  the  radiation  patterns  G(q>)  of  the  thin  slots, 
which  are  located  at  point  0  (Fig.  6.1),  we  will  use 
relationships/ratios  (1.6)  and  (1.59),  (1.60). 
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After  simple  conversions  we  will  obtain 

30  '** 

Q  (.)  — s  -2—  V*  -4 - COSrt?  (6.1) 

0 

for  the  parallel  and 

n< 

0iW=4r£-47^r“*'?  (6'2) 
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for  the  perpendicular  polarization. 


If  tangential  electric  field  £z( cp)  or  E,  (<t)  is  assigned  in  the 
section  of  the  surface  of  cylinder  with  9  ^9^9*,  then  the 
corresponding  radiation  patterns  can  be  expressed  through  G(q>)  with 
the  aid  of  the  relationships/ratios 


/„(?)=  j‘£,fr  +  +)G 

fl 

f±  (?)  =  J  f f  (?  - f-  <f»)  G±  (+)  df. 


(6.4) 
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Fig.  6.1.  On  the  calculation  of  the  radiation  pattern  of  slot  in  the 
surface  of  circular  cylinder. 

Page  128. 

According  to  formulas  (6.1),  (6.2)  was  carried  out  numerical 
calculation  for  the  series/row  of  the  values  of  parameter  ka.  Since 
us  interest  mainly  the  radiation  patterns,  subsequently  will  be 
examined  functions  G(<p),  in  reference  to  the  maximum  values.  Fig.  6.2 
and  6.3  give  the  amplitude  and  phase  radiation  patterns,  constructed 
depending  on  angular  coordinate  <p,  for  several  values  of  parameter 


82036106 


PAGE  >^/11 


.  6.2.  Dependences  I0„  (<t >)| •  (solid  lines)  and  ar*  Gn  (9)  (dotted 


.nes) : 


/)  *a-2:  2)  *a-6;  J)  xa-tO;  4)  JU-2&  J)  *a-30. 


j  (1).  rad.  (2).  deg. 
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If  slot  is  located  with  <p*0,  then  the  maximum  of  its  radiation 
pattern  is  always  oriented  in  the  direction  <p»0.  with  an  increase  in 
the  angle  <p  of  function  (g ( <p )\  for  the  parallel  and  perpendicular 
polarization  monoton ically  they  drop,  and  in  the  shadow  zone  diagrams 
become  cut  as  a  result  of  interaction  of  two  radiating  points  A,  A' 
(Fig.  6.1).  In  direction  of  ®*180°  fields,  emitted  by  points  A  and 
A',  store/add  up,  and  radiation  patterns  have  a  maximum.  The  phase  of 
the  field  of  slot  in  far  zone  with|(4<ir/2  is  close  to  phase  0>(O)  of 
point  source,  arranged/located  at  point  O  (Fig.  6.1)  in  the  absence 
of  cylinder,  and  in  the  region  jr>|<p|  >ir/2  is  close  to  phase  0(0,4)  of 
point  source,  placed  at  point  A  (Fig.  6.1)  and  excited  with  the  time 
lag  which  corresponds  to  distance  of  OA,  calculated  on  the  circular 
arc.  Values  0(0)  and  ®(0A)  for  ka*2  and  ka»30  are  noted  in  Fig.  6.2 
and  6.3  by  crosses. 

In  the  case  of  the  polarization,  which  corresponds  to  the 
transverse  slot  (Fig.  6.2),  function  c„  (q>)  monotonically  drops  with 
the  increase/growth  <p.  Small  flash-ups  appear  only  at  q> — 180°. 
Radiation  level  in  the  opposite  direction  monotonically  decreases 
with  increase  of  ka.  During  the  polarization,  which  corresponds  to 
the  longitudinal  slot,  function  G1(<p)  more  weakly  drops  with  an 
increase  in  the  angle  ©.  The  brokenness  of  radiation  patterns  with 


DOC  =  82036106 


PAGE  -S'?" 

<P>ir/2  is  expressed  more  sharply,  that  as  the  flowing  in  of  currents 
into  the  shadow  zone  in  the  case  of  perpendicular  polarization 
considerably  stronger.  It  should  be  noted  that  if  field  level  in 
direction  of  <p=180°  and  in  this  case  also  monotonically  drops  with 
increase  of  lea,  then  in  direction  of  <p«90°  radiation  level  of  the 
longitudinal  slot  is  approximately  constant  and  equal  to  0.7. 

Calculation  according  to  formulas  (6.1),  (6.2)  is  suitable  for 
any  values  parameter  ka.  However,  with  increase  in  ka  it  becomes  very 
bulky.  Therefore  it  is  expedient  to  examine  approximations  for 
functions  G(<p),  valid  at  the  high  values  of  ka.  For  this  purpose  we 
will  use  the  solution  of  the  problem  of  diffracting  the  plane  wave  on 
arbitrary  convex  ideally  conductive  body  [15]. 

Page  130. 

Utilizing  this  solution  [formulas  (1.65),  (1.66)],  and  also 
relationship/ratio  (1.6),  we  obtain  the  following  expressions  for  the 
radiation  patterns  of  the  thin  slots  on  the  cylinder  of  the  large 
radius: 

=/(*)e-'**'1-*;  (6.5) 

=  (6.6) 

during  the  parallel  and  perpendicular  polarizations  respectively.  In 
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expressions  (6.5)  and  (6.6) 

!=y/¥(’--r}  w 

For  the  comparison  of  the  approximation  formulas  with  precise  ones  in 
Fig.  6.4,  6.5  to  scale  of  the  universal  parameter  {  are  constructedi 
precise  and  approximate  values  of  the  amplitude  and  phase  radiation 
patterns  of  thin  slots.  During  the  construction  of  phase  diagram  was 
excluded  the  trivial  dependence  arg  G  on  ka.  From  the  figures  we  see 
that  already  for  values  of  Ka=* 6  the  approximate  curves 
satisfactorily  coincide  with  precise  ones. 
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Fig.  6.4.  Dependences  K?*  (solid  lines)  and  argG({)  (dotted 
lines):  1)  ka«6;  2)  ka*30.  Crosses  designated  asymptotic  values 
I  °i  (£)  I  and  aigO, 

Key:  (1).  rad. 

Page  131. 

During  the  perpendicular  polarization  the  coincidence  of  results  of 
precise  and  approximate  computations  in  the  illuminated  region  is 
better  than  in  the  shadow  zone,  since  the  given  approximation 
formulas  do  not  consider  diffraction  waves,  several  times  of  those 
bypassed  around  the  cylinder.  For  another  polarization  the 
coincidence  is  better  in  the  shadow  zone  and  penumbra  where  precise 
and  approximate  curves  virtually  run  together. 
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On  the  basis  of  the  analysis  Fig.  6.4  and  6.5  it  is  possible  to 
conclude  that  for  the  cylinders  whose  radius  more  or  is  commensurated 
with  the  wavelength,  it  is  possible  to  use  approximations  (6.5), 

(6.6)  for  calculating  the  functions  G(<p)  (with  exception  of  region 
£<-l  during  the  parallel  polarization). 

In  conclusion  let  us  note  that  has  the  capability  to  obtain  a 
more  precise  approximation/approach,  which  considers  the  repeated  run 
of  diffraction  waves  around  cylinder  [60].  In  this  case  expressions 
for  Green's  functions  are  represented  in  the  form  of  the  series/row 
whose  members  correspond  to  fundamental  and  repeatedly  bypassed 
current  waves. 
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Fig.  6.5.  Dependence  !Ox( 5)1  (solid  lines)  and  argGj.  (2)  (dotted  lines): 

1)  ka-6;  2)  ka=30.  Crosses  designated  asymptotic  values  and 

arfr  Gx  <8>* 


Key:  (1).  rad. 
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Without  carrying  out  detailed  analysis  of  refined  approximate 
solution,  let  us  point  out  only  that  the  more  accurate  result  is 
obtained  by  the  value  of  the  insignif icant  complication  of 
calculation.  The  comparison  of  the  results,  obtained  in  a  refined 
manner  (were  considered  only  two  members  of  asymptotic  series/row), 
with  precise  ones  (Fig.  6.6)  shows  that  even  for  ka«2  coincidence  of 
precise  and  approximate  values  Gx  (<p)  is  completely  satisfactory. 
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Fig.  6.6.  Dependences  I<7X («#>) I  (solid  lines)  and  *rgGj_  (v)  (dotted 
lines):  1)  ka«2,  2)  ka*6.  crosses  designated  refined  asymptotic 
values  ic^  i  and  Ox- 

Key:  (1).  rad.  (2).  deg. 

6.2.  Radiation/ emission  of  the  sources,  arranged/located  on  the 
surface  of  the  ideally  conducting  sphere. 

With  the  solution  of  the  problem  about  the  radiation/emission  of 
the  sources  of  electromagnetic  field,  arranged/located  on  the  surface 
of  the  conducting  sphere,  it  is  necessary  to  solve  vector  problem. 

The  solution  of  this  problem  for  the  case  when  plane  wave  falls  on 
the  sphere  in  the  direction  of  the  negative  z  axis,  and  vector  ^  is 
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parallel  to  axis  x  (Fig.  6.7),  it  is  given  in  S  1.3. 

Page  133. 

Let  us  show  how,  using  this  solution,  and  also  reciprocity  theorem 
(1.6),  it  is  possible  to  obtain  the  radiation  pattern  of  the 
arbitrary  sources,  arranged/located  on  the  sphere. 

Let  on  the  sphere  at  point  with  the  radius-vector  pt*pa( |p| «1) 
and  coordinates  {a sin^cos?,;  asin&0sin90;  acos&0}  (Fig.  6.7)  assign  tangential 
electric  field  E’(bt,  ?„)  and  it  is  necessary  to  find  the 
radiation/emission  of  this  source  in  the  direction  of  unit  vector  r* 

{  sinftcoso,  sindsino,  cosd  }.  So  that  it  would  be  more  convenient  to 
use  the  results  of  Chapter  1,  let  us  introduce  the  support  systems  of 


the  coordinates: 
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It  is  obvious  that  in  the  systems  of  coordinates  (6.8)  the 
components  of  the  radiation  field  of  the  source  in  question,  parallel 
to  axes  ,  32,  are  excited  by  the  components 

=  ?,-(£„  y>)  7,.  (6.9) 

£«  =  (£,.  7,)  x,.  (6.10) 

Then  in  accordance  with  expressions  (1.6)  and  (1.60)  the  radiation 
pattern  of  the  emitter  in  question  can  be  represented  as  follows: 

E- =  (I^/y.Irt * W+  ((£«>  \l 7,1] P)x, 0 (»,).  (6.1 1) 


where 

cos  ft,  =  p  7. 

Components  of  field  *E  along  the  directions 


Key:  (1)  and. 


!(*>rll 


(6.12) 


they  can  be  found  from  the  relationships/ratios 

£*(*.?.  *..?.)=£*•  (6.13) 

Let  us  examine  the  special  case,  when  by  the  source  of  field  is 
the  point  slot,  arranged/located  at  point  with  the  coordinates  /?,*  { 
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0,  0,  a  },  moreover  the  vector  of  electric  field  in  the  slot  is 
parallel  to  axis  x  {l,  o,  0}  (Fig.  6.7).  From  formulas  (6.11)  and 
(6.13)  it  follows  that  in  the  plane  <p=0  the  radiation  pattern  of  this 
slot  takes  the  form 

£*  (»)  =  $(&),  (6.14) 

since 

In  the  plane  <p=ir/2,  on  the  contrary,  £. (&)=0;  and  radiation 
pattern 

(8)  =  9  (»).  (6.15) 

Functions  <D  and  e  are  the  complex  functions  of  angle  8. 

Let  us  examine  amplitude  radiation  patterns  |<D(ft)|  and  18(0)1  for 
several  values  of  parameter  ka  and  let  us  compare  them  with  the 
appropriate  diagrams  of  the  slots,  gashed  in  the  surface  of  the 
ideally  conducting  cylinder.  In  this  case,  obviously,  ^(OJI  one 
should  compare  with  function  |GX  (0)j  (6.2),  and  |8(0)|  with  \Gtl  (0)|  (6.1). 

Fig.  6.8  and  6.9  give  computed  values  of  radiation  patterns 
|*(®)|  and  1 0X (•) |,  |«(i))|  and  l G|(  (»)  1.  The  values  of  the  radiation 
patterns  of  slot  on  the  sphere  are  borrowed  from  work  [23].  The 
comparison  of  the  curves,  which  correspond  | ® '(8) |  and  |Gj.(&)il,  l®.(®)2  and 
|‘Gr „ (♦) l  shows  that  in  the  region  of  light/world  and  in  the  penumbra 
the  radiation  patterns  of  slots  on  the  cylinder  and  sphere  change  in 


DOC  =  82036107 


PAGE  PV/ 


the  dependence  on  the  angle  d  analogously,  moreover  the  resemblance 
between  the  compared  diagrams  is  more  noticeable,  the  greater  the 
parameter  ka.  However,  in  the  shadow  zone  even  at  the  high  values  of 
product  ka  remains  the  difference  between  the  radiation  patterns, 
which  correspond  to  cylinder  and  sphere.  In  particular,  values 
i<j>(d)|  and  |9(#)i  for  the  direction  d=ir  coincide.  • 
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Fig.  6.8.  Comparison  of  the  radiation  patterns  of  the  elementary 
sources,  arranged/located  on  the  sphere  (solid  line)  and  the  cylinder 
(dotted  line). 

Key:  (1).  deg. 

Page  136. 

This  physically  obvious  result  escape/ensues,  for  example,  from 
relationships/ratios  (6.14)  and  (6.13).  At  the  same  time  for  the 
cylinder  the  equality  of  values  G±(n)  and  G,t  (<p)  is  not  made  with  any 
ka.  However,  with  an  increase  in  value  ka  becomes  narrow  the  angular 
sector,  in  which  the  radiation  patterns  of  the  slots,  located  on  the 
cylinder  and  the  sphere,  substantially  are  distinguished.  Thus,  the 
given  analysis  confirms  the  conclusion,  made  in  Chapter  1,  about  the 
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weak  dependence  of  the  main  section  of  the  antenna  radiation  pattern, 
arranged/located  on  the  convex  body,  on  the  surface  curvature  in  the 
plane,  perpendicular  to  main  section. 


««•***£  -A-*-  *af- 


4 


J 
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Fig.  6.9.  Comparison  of  the  radiation  patterns  of  the  elementary 
sources,  arranged/located  on  the  sphere  (solid  line)  and  the  cylinder 
(dotted  line). 

Key:  (1).  deg. 

6.3.  Optimum  field  distributions  on  the  cylinder. 

Let  us  examine  field  distributions  on  the  cylinder,  which  make 
it  possible  to  obtain  the  optimum  value  of  the  directive  gain  of 
surface  antenna.  Let  on  the  surface  of  cylinder  be  is  assigned 
arbitrary  field  distribution 


Page  137. 


,=*  2  On  COS  n?, 


(6.16) 
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In  accordance  with  expressions  (6.1)-(6.4)  field  distribution  (6.16) 
creates  radiation  pattern 

»  x 

/  (?)  =  V  ancn  cos  n<p=Y  dn  cos n<?,  (6. 1 7) 

where 


Cn  — 


«!!'(«») 


during  the  parallel  polarization  and 


Cn  — 


during  perpendicular  polarization. 


Since  the  discussion  deals  with  two-dimensional  problem,  the 
directive  gain  of  the  antenna  in  question  in  the  direction  <p*0 
according  to  formula  (2.18)  is  equal  to 


K~2 


+  (¥r:)" 

Jj  TT {2' + 


(8.1. S) 


where  «„  -f  i3n  =  dn. 


Expression  (6.18)  is  maximal,  if 

Pn  =  ?*„.  (6.19) 


Since  constants  a,  0  do  not  affect  value  derictive  gain,  it  is 
possible  to  consider  that  d„=tn( J+i)  and,  therefore,  the  optimum 
values  of  the  coefficients 


(6.20) 


►'****  ■  •■—  * . 
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From  expressions  (6.18),  (6.19)  it  follows  that  the  radiation 
pattern,  created  by  "optimum"  field  distribution,  possesses  infinite 
directive  gain  (k.n.d.).  However,  the  in  actuality  attainable  value 
derictive  gain  has  a  limit.  This  is  connected  with  the  fact  tnat  it 
is  not  possible  to  excite  on  the  surface  of  cylinder  the  high 
harmonics  of  field  with  the  assigned  amplitudes. 

Page  138. 

From  the  simple  physical  considerations  it  is  clear  that  for  the 
reproduction  of  the  n  harmonic  of  field  on  the  cylinder  it  is 
required  at  least  2n  slots,  moreover  adjacent  slots  must  be  excited 
in  the  antiphase.  At  the  same  time  on  the  cylinder  of  radius  a  it  is 
placed  ka  waves.  Therefore  in  practice  during  finding  of  optimum 
distribution  it  is  expedient  to  be  limited  to  a  finite  number  of 
harmonics,  assuming  that 

*  | 

=  «*e  3  rf"(Ka)cosnf,  (6.21) 

AsaO 

I  m 

*  H(y  (tea)  con  nf,  (6.22) 

nm 0 

where  N»ka. 

The  optimum  standardized/normalized  radiation  pattern  at  the 


assigned  value  of  N  of  a  number  of  harmonics  takes  the  form 


DOC  *  82036107 


PME 


Mf)— 


sin 


(^0 


(2AT+l)*ln-J- 


(6.23) 


The  corresponding  value  derictive  gain  is  equal  to 

Kn  =  2N+1.  (6.24) 

Expression  (6.23)  for  the  radiation  pattern  sufficiently  simple  and 
can  be  investigated  in  general  form.  For  the  analysis  of  optimum 
distributions  (6.21),  (6.22)  were  carried  out  detailed  numerical 
calculations. 


As  one  would  expect,  the  amplitude  of  optimum  distribution  has  a 
character  of  the  oscillating  function.  A  number  of  maximums  (or  the 
minimums)  of  amplitude  distribution  virtually  coincides  with  a  number 
of  harmonics  N.  When  a  number  of  harmonics  does  not  exceed  a  number 
of  wavelengths,  which  are  placed  on  the  perimeter  of  cylinder,  the 
range  of  oscillations  of  amplitude  is  comparatively  small  and  on 
average  amplitude  decreases  in  proportion  to  removal/distance  from 
the  direction  <p«0.  When  N>>ka,  the  range  of  oscillations  sharply 
grows/rises,  and  the  average/mean  level  of  amplitude  remains  in 
effect  constant  on  the  entire  circle/circumference  of  cylinder. 


Page  139 


DOC  =  82036107 


PAGE 


The  phase  of  optimum  distribution  with  an  increase  in  the  angle 
<p  monotonically  grows/rises,  the  flattest  sections  of  curve  <z>(<pj 
corresponding  to  maximums,  and  steepest/most  abrupt  -  to  minimums  in 
amplitude  distribution.  Phase  response  3>(<p),  corresponding  to  optimum 
field  distribution  on  the  cylinder,  was  compared  with  phase 
distribution 

4>,  =  ra(I  —  cos?),  (6.25) 

which  in  the  approximation/approach  of  geometric  optic/optics 
provides  the  flat/plane  phase  front  of  field  near  the  cylinder.  As  a 
result  of  comparison  it  turned  out  that  for  N*ka  difference 
A<p-<D— 4>0  differs  from  constant  not  more  than  by  +-0.5  rad,  i.e., 
actually/ really  optimum  phase  distribution  creates  approximately 
flat/plane  phase  front  near  the  cylinder.  For  a  number  of  harmonics 
N,  which  differs  from  ka,  difference  4<D  proves  to  be  considerably 
greater  (Fig.  6.10). 
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Fig.  6.10.  To  the  analysis  of  optimum  phase  distributions  on  the 
cylinder  during  the  perpendicular  polarization:  1)  ka*5,  N*2;  2) 
ka=5,  N=5;  3)  ka*5,  N=9;  4}  ka=10,  N=10. 

Key:  (1).  rad.  (2).  deg. 

Page  140. 

The  differences  between  the  optimum  distributions  for  the  case 
of  parallel  and  perpendicular  polarizations  are  insignificant.  Fig. 
6.11,  6.12  give  characteristic  optimum  amplitude  distributions  and 
phases,  which  correspond  to  parallel  and  perpendicular  polarizations 
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and  to  different  values  lea.  Optimum  distributions  for  different 
values  of  N  with  constant  value  ka»5  are  depicted  in  Fig.  6.13  and 
6.14. 


Let  us  examine  the  possibility  of  designing  of  the  radiation 
patterns,  determined  by  formula  (6.23),  with  the  aid  of  the  thin 
slots,  gashed  in  the  surface  of  cylinder.  We  will  consider  that  in 
the  case  of  parallel  polarization  the  width  of  slot  is  equal  to  half 
of  wavelength  and  corresponding  field  distribution  in  it  changes  on 
the  cosine.  In  the  case  of  polarization  the  slot  infinitely  thin 
and  field  in  it  takes  the  form  of  delta  function.  The  amplitudes  of 
the  excitation  of  slots  let  us  take  as  equal  to  the  values  of  the 
amplitudes  of  optimum  distributions  (6.21)  and  (6.22)  at  the  points, 
which  coincide  with  the  centers  of  slots.  Radiation  patterns  f'(o>) 
the  system  of  slots  during  both  polarizations  can  be  recorded  in  the 


following  form: 


/'(*)  =  £ 


where  if*  -  the  angular  coordinate  of  the  i  slot; 


F ( <p )  -  the  radiation  pattern  of  single  slots  during  the  parallel 


or  perpendicular  polarization. 


^n(?)=  J  (f~f)cosva<pd<f>, 
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,  WL 

arg  (/,  pad 


Fig.  6.11. 


Fig.  6.11.  Optimum  amplitude  distribution  (a)  and  phase  (b)  on 
cylinder  during  parallel  polarization. 


Key :  ( 1 ) .  deg .  ( 2 ) .  rad . 

Fig.  6.12.  Optimum  amplitude  distribution  (a)  and  phase  (b)  on 
cylinder  during  perpendicular  polarization. 


Key:  (1).  deg.  (2).  rad. 
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Fig.  6.13 
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Fig.  6.14 


Fig.  6.13.  Optimum  distributions  of  amplitude  (a)  and  phase 
(b)  of  a  field  or  a  cylinder  with  parallel  polarization  for 
various  values  of  N  and  ka*5. 

Key:  (1).  deg.  (2).  rad. 

Fig.  6.14.  Optimum  distributions  of  amplitude  (a)  and  phase  (b) 
of  a  field  or  a  cylinder  with  perpendicular  polarization  for 
various  values  of  N  and  ka*5. 


Key:  (1).  deg.  (2).  rad. 
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Derictive  gains  of  the  systems  of  slotted  emitters  in  question 
somewhat  less  than  the  "ideal"  (6.24). 

For  the  perpendicular  polarization,  as  one  would  expect,  the 
radiation  patterns  of  the  systems  of  slots  more  greatly  differ  from 
"ideal"  diagram.  In  connection  with  this  for  the  perpendicular 
polarization  were  designed  the  radiation  patterns  of  the  slots, 
arranged/located  at  a  distance  quarter  wavelength  from  each  other.  In 
this  case  a  difference  in  the  designed  diagrams  from  the  ideal  is 
virtually  unessential. 
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Fig.  6.15.  To  the  evaluation/estimate  of  the  discontinuous 
distributions  of  field  on  the  cylinder  during  the  parallel 
polarization:  1  -  radiation  pattern  (»>:  2  -  the  diagram  of  six 

slots,  arranged/located  with  0$<p^jr/2,  3  -  "ideal"  radiation  pattern. 

6.4.  Traveling-wave  antennas  on  the  cylinder. 

Let  us  examine  how  affects  the  conducting  cylindrical  surface  to 
the  antenna  radiation  pattern  of  the  traveling  wave.  Of  practical 
interest  this  problem  is  only  when  a  radius  of  the  cylindrical 
surface  a  is  great  in  comparison  with  the  wavelength  and  the 
size/dimension  of  antenna  L.  Since  we  will  examine  the  case,  which 
corresponds  ka>>l,  the  results  of  present  paragraph  to  a  determined 
degree  they  relate  also  to  the  traveling-wave  antennas 
arranged/located  on  the  conducting  sphere. 
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It  is  possible  to 
traveling-wave  antenna 
from  the  chord  length, 
on  X/8.  This  condition 


show  that  the  directed  properties  of 
are  retained,  if  the  length  of  antenna  differs 
which  connects  its  ends/leads,  not  more  than 
is  satisfied  with 


4-^0, 6 
x  kyx 


(6.27) 


For  the  antenna  in  all  in  several  wavelengths  values  R/X  indicated 
become  such  large  that  a  strict  solution  of  problem  is  virtually 
unsuitable  for  the  investigation  due  to  the  complexity  of  numerical 
calculation.  However,  precisely  for  the  high  values  of  R/X  good 
results  gives  approximate  theory  [15],  briefly  presented  in  S  1.3. 


Let  us  assign  amplitude-phase  field  distribution  along  the 
antenna  in  the  following  form: 

B[s)  =  A  (s)  e,?i,  (6.28) 

where  s  -  arc  length,  calculated  over  the  surface  of  cylinder.  In 
this  case  the  antenna  radiation  patterns  during  the  parallel  and 
perpendicular  pol a rizations  can  be  calculated  by  the  formulas: 
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1/2 


/„(*)=  J  A(s)eu^ul(i)ds; 


-1/2 

1/2 


MW  38  f 


-1/2 


(6.29) 

(6.30) 


where  f(£)  and  g(|)  are  determined  in  S  1.3,  and 

r)* 

For  functions  f(£)  and  g(|)  are  detailed  tables,  so  that  the 
problem  of  calculating  the  radiation  patterns  /(if)  is  reduced  to  the 
numerical  integration. 


Page  145. 

However,  if  is  satisfied  condition  (6.27),  in  expressions  (6.29), 
(6.30)  it  is  possible  to  assume 

_  I  '2 

f  |,  <*)~|  /  (]/ if  *)j  J  ^  («)  exp  Ji  (?  -  k)s  + 

— I  2 

+  iarg/(«)Ji  /s,  (6.31) 

_  1/2 

J  A  (s)  exp  Ji  (J  —  k)  s  -f" 

-1,2 

-fiargg(h|ds.  (6.32) 


k*frrr****^'Ji^'**<&***«'*l'~-'  ' 
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Fig.  6.16.  Precise  (solid  line)  and  approximated  (dotted  line)  of  the 
antenna  radiation  pattern  of  the  traveling  wave,  arranged/located  on 
the  cylinder.  The  length  of  antenna  L**10X,  a  radius  of  cylinder 
31. 6X,  i.e.,  condition  (6.27)  are  made:  A(s)*const;  p«k. 
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In  this  case  for  1><0 

arg f'  8  ** ~ -T  =KS Ts,w( I  —  cos *),  (6.33) 


i.e.  in  the  illuminated  region 

M*)  */.('»(/ 

4  (*)  ~  u  w  \g(<y  ~  ->J 


(6  34) 
(6.35) 


where  /o(tp)  —  antenna  radiation  pattern  in  the  free  space.  It  is 
analogous  for  angles  ♦><)  are  approximately  valid  the  following 
representat ions ; 


areg('t) 

since  a rgf(ip)  ^when  ^>0 


Mtt-/.<o>|/(^f*)|. 

»)|. 

are  close  to  constant  values. 


(6.36) 

(6.37) 


Formulas  (6.34)-(6.37)  allow  simply  and  with  the  sufficient 
degree  of  accuracy  to  design  the  antenna  radiation  patterns  of  the 
traveling  wave,  arranged/located  on  the  cylinder.  The  results  of 
calculating  the  radiation  pattern  according  to  formulas  (6.34)-(6.37) 
and  according  to  precise  formulas  (6.1),  (6.2)  virtually  coincide 
(Fig.  6.16). 


In  order  to  trace,  as  is  changed  the  form  of  the  antenna 
radiation  pattern  with  a  change  in  the  radius  of  cylinder,  let  us 
turn  to  Fig,  6.17.  For  both  polarizations  a  change  in  the  radius  of 
cylinder  affects  mainly  the  form  of  the  slope  of  radiation  pattern 
when  *>0.  with  an  increase  in  ratio  R/X  the  form  of  the  antenna 
radiation  pattern,  arranged/located  on  the  cylinder,  gradually 
emerges  by  the  same  as  in  antenna,  which  is  located  on  the  plane.  For 
the  antennas  of  larger  length  this  transition/ junction  is  completed 
more  rapidly. 

6.5.  Traveling-wave  antennas,  arranged/located  on  the  slightly 
bent/slightly  curved  surface  with  variable  chamber. 

Antennas  of  the  type  in  question  are  arranged/located  on  the 
surfaces  with  variable  chamber,  moreover  usually  surface  curvature  is 
small  and  changes  within  small  limits,  since  virtually  only  in  this 
case  antenna  can  possess  high  directivity.  A  slow  change  in  the 
surface  curvature  on  which  is  arranged/located  the  antenna,  in  the 
first  approximation,  can  be  considered,  if  to  consider  that  each 
element/cell  of  antenna  emits  in  the  manner  that  if  it  was 
arranged/located  on  the  surface  of  the  constant  curvature,  equal  to 
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For  the  illustration  of  the  approximate  method  indicated  let  us 
conduct  the  calculation  of  the  antenna  radiation  pattern  of  the 
traveling  wave,  arranged/located  on  the  surface  of  the  ideally 
conducting  parabolic  cylinder.  The  surface  of  parabolic  cylinder  is 
described  by  simple  equation  and  at  the  same  time  it  can  approximate 
the  large  class  of  aerodynamic  surfaces.  Let  on  the  surface  of  the 
parabolic  cylinder 

y*=2px  (6.38) 


at  a  distance  of  s  from  the  apex/vertex  be  gashed  the  thin  slot.  The 
radius  of  curvature  of  surface  at  the  point  where  is  arranged/located 
slot,  is  equal  to 

p —  p 

l*in*  ?»|  '  (6.39) 


Angle  <p,  characterizes  the  inclination/slope  of  tangent  to  the 
surface  of  parabolic  cylisider  at  the  point  where  is  located  slot,  and 


it  is  connected  with  an  arc  length  s  with  the  relationship/ratio 


S--J-  1*— f-Ln 


ctg^r 


r 


(6.40) 


In  accordance  with  the  approximation/approach  accepted  the  field 
of  slot  in  the  parabolic  cylinder  coincides  with  the 


radiation/emission  of  the  slot,  gashed  in  the  circular  cylinder  which 
concerns  parabolic  at  the  point  where  is  located  slot,  and  has  radius 
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R(6.39).  If  the  center  of  the  cross  section  of  circular  cylinder  was 
found  in  the  beginning  of  coordinates,  then  the  field  of  slot  in  the 
remote  zone  in  the  direction  <p  according  to  (6.5)  and  (6.6)  had  a 
value 

/°u  =e1**'*-*)  f[Y?§-  (?-?.)].  (6.41) 

f°x = eu* (*-*»  g  [  (f  -?,)]•  (6.42) 

Page  149. 

Since  in  the  case  in  question  the  axis  of  circular  cylinder  runs 
through  the  point  with  the  coordinates 

*e==;,(1  +  TtF7r)’  (6-43) 

^=-^7*  (6.44) 

the  Cv  iplex  radiation  patterns  of  slots  take  the  following  form: 

= expiiK*  &  -  ?,)i  f  [  y**  {?  _  T#)]  X 
X  exp  [— i  k  (xc  cos  f  -j-  yc  sin  ?)J, 

/x  =  exp[iKtf(?_?0)|e  '** 

X  exp  {—  i/c  (X'  cos  <?  -f-  yc  sin  y)J.  (6.45) 

Let  us  find  the  antenna  radiation  pattern  of  the  traveling  wave, 
arranged/located  on  the  surface  of  parabolic  cylinder.  Let  the 
antenna  have  a  length  L  and  is  located  from  the  vertex  of  parabola  at 
a  distance  r.  Let  us  assign  amplitude-phase  field  distribution  in 
antenna  aperture  in  the  following  form: 


DOC  *  82036107 


PAGE^-/ 


£  (s)  =  A  ( s )  e  *’r.  (6.46) 

In  this  case  the  antenna  radiation  pattern  can  be  represented  as 
follows: 

during  the  parallel  polarization 

r+i 

F|(  =  |  A  (s)  exp  |— i?.s  +  (?  ~  ?•)  ~ 

r  _ 

— i/c  (xe  cos  <p-f- yc  sin «?)]  /  [ ^  ds,  (6.47) 

during  the  perpendicular  polarization 

r+t 

Fjj=»  J  A  (s)  exp  [— +  ikR  (<p  —  ?0)  — 
r 

- i k (xe cos ? 4 -yt sin ®)1  g  [ ^ ^  (? - ?,)  j  ds.  (6.48) 

Calculation  according  to  formulas  (6.47),  (6.48)  is  connected  with 
the  numerical  integration  and  the  solution  of  equation  (6.40). 
Diagrams  (6.47),  (6.48)  depend  on  a  large  number  of  parameters  and 
therefore  the  calculation,  which  claims  to  the  completeness,  hardly 
it  is  advisable.  In  connection  with  this  we  will  be  restricted  only 
to  a  small  number  of  examples. 
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Pig.  6.19. 


Fig.  6.18.  Form  of  antenna  radiation  pattern,  arranged/located  on 
parabolic  cylinder  at  different  values  of  parameter  r. 

/)  n  r/x-ss  n  nx-io. 


Key :  ( 1 ) .  deg . 

Fig.  6.19.  Effect  on  form  of  radiation  pattern  of  parameter  p:  1) 
p/X«10;  2)  p/X-20;  3)  p/X-100. 


Key:  (1).  deg. 
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Let  us  examine  the  antenna  of  fixed/recorded  length  (L/X*5)  with 
the  constant  amplitude  distribution  without  supplementary  phase 
change  (/J=k).  Polarization  let  us  accept  perpendicular.  In  order  to 
have  the  possibility  to  analyze  not  only  the  form  of  radiation 
pattern,  but  also  the  divergence  of  diagram  from  the  conducting 
surface,  let  us  introduce  coordinate  connected  with  the  angle  <p 
with  the  relationship/ratio 

—  (6.49) 

where  ?»Ur+i  -  tangent  inclination  plane  to  the  surface  of  parabolic 
cylinder  at  the  point,  which  coincides  with  the  end/lead  of  the 
antenna. 

In  Fig.  6.18  are  constructed  the  standardized/normalized 
radiation  patterns  |/?X(<WI’,  corresponding  p*X  and  to  different  values 
r.  With  an  increase  in  distance  p  the  radiation  pattern  becomes 
narrow,  its  maximum  approaches  an  "axis"  of  antenna  ($=0),  and  when 
r/X—oo  the  form  of  diagram  emerges  by  the  same  as  in  the  antenna, 
arranged/located  on  the  plane.  Effect  on  the  form  of  the  radiation 
pattern  of  parameter  p  (when  r=2X)  is  illustrated  by  Fig. 

6.19.  The  character  of  the  curves,  depicted  in  Fig.  6.18  and  6.19,  is 
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located  in  accordance  with  the  results  of  the  preceding/previous 
paragraph. 

7. 

Radiation  patterns  of  emitters,  which  are  located  on  the  elliptical 
cylinder  and  the  spheroid. 

Calculation  of  the  emitters,  arranged/located  on  the  elliptical 
cylinder,  gives  the  possibility  to  trace,  as  depends  the  radiation 
pattern  of  surface  antenna  on  the  form  of  object,  antenna  position  on 
the  surface  of  variable/alternating  curvature.  The  analysis  of  the 
diagrams  of  emitters,  which  are  located  on  the  elliptical  cylinder, 
will  make  it  possible  to  incidentally  rate/estimate  the  degree  of 
approximation  of  method,  described  in  S  6.4. 

Page  152. 

The  investigation  of  the  radiation  characteristics  of  the 
sources,  placed  on  the  surface  of  thin  elliptical  cylinder  (band), 
will  supplement  information  about  the  antennas,  which  radiate  from 
the  surface  of  flat/plane  screen,  and  also  it  will  make  it  possible 
to  rate/estimate  the  limits  of  the  applicability  of  the  methods  of 
the  physical  theory  of  diffraction  and  approximation/approach  of 
Kirchhoff  in  the  problem  about  the  surface  emitter. 
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Together  with  radiators,  which  are  located  on  the  elliptical 
cylinder,  in  this  chapter  will  be  examined  spheroidal  antennas. 

7.1.  Calculated  relationships/ratios  for  the  antenna  radiation 
patterns,  which  are  located  on  the  surface  of  elliptical  cylinder. 

The  radiation  patterns  of  the  surface  antennas,  arranged/located 
on  the  elliptical  cylinder,  can  be  designed  with  the  aid  of  the 
reciprocity  theorem  (1.6)  and  expressions  (1.53),  (1.58)  for  the 
tangential  components  of  magnetic  field  H:,  ff^  on  the  surface  of 
cylinder. 

Page  153. 

After  substituting  (1.58),  (1.53)  in  (1.6),  we  will  obtain  after 
simple  conversions  the  following  expressions  for  the  radiation 
patterns  of  the  surface  antenna: 
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I!  "r  (  * 

fo)  =  I  (fc)  !  V  />_  ce„  *)  , 

%  l  A 

00 

+  V]  Qm  sg»  hi.  a)  |  . 

a  I .-l !  \7Z  *  a  yt-  • 


0  h*‘X'  (£».  q)/d 5.  I  d7i>; 


un  (i) 


■n 

=  J  *(*)fy 


(7.1) 


H 


P-  jg»-(V  9)  ctm  In.  gj 


+  V  0.  ie,  (j.  <?)  | 

&o  KFtt..  ?)  j 


*■  (5..  <7) 

dfi„ 


-L  + 


(7.2) 


where 
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(  A'2*1  npti  m  —  2k, 

'  © 

\  .4'**  '  ’  npii  /n  =  2k  - 
(  nl  +  o 

. 

1  &-K+-‘ 

cem(i j,  </)  =  V  A1™*  (q)  cosr^; 

r«0 

sem(^.  <?)  =  VS(m'(<7)sinri;; 

2*  2* 

f  [cem (7j,  g)YJ-ri=  f  \x,n(r„  7)|J^ij=l; 

0  0 

So 

hC.  =  f  (-l)r<’t+"')  {4(P.)  (^  +  4+,W^'(^)}5 

So 

f<+)  =  f  (~Dr  (*>.)  ,  (0.)  - 

r=) 

—  7r+l  (Uj  //^(crt)}; 

<’+2=  f  MK  Sf^VriV,)  //*”,  (V,)\ - 

f®) 

-Jr+'toH't'mi 


0) 


:+ 1 ; 

3,2,f+')  npn/H  =  2K+l, 

<0 

npH  in  =  2k  -j-  2; 

30 


Key:  (1).  with. 

A.tOio)  -  field  in  antenna  aperture; 

o,,,  =  ^e?5*. 

Radiation  pattern  U.{(ri)  corresponds  to  parallel,  and  UL(i)  - 
perpendicular  relative  to  the  generatrix  of  the  cylinder  of  the 
orientation  of  the  electric  vector  of  field  in  antenna  aperture, 
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which  is  located  on  the  surface  of  elliptical  cylinder  when 
1  =  5,,  i,,,<tW<^aV(Fig.  7.1). 
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The  designations,  used  in  formulas  (7.1)  and  (7.2),  are  clarified  in 
S  1.3.  It  is  not  difficult  to  ascertain  that  in  the  limit  when 
5,—oo  expressions  (7.1)  and  (7.2)  pass  into  formulas  (6.1),  (6.4), 
describing  antenna  radiation  patterns,  which  is  located  on  the 
circular  cylinder.  With  {.->0  the  elliptical  cylinder  is  converted 
into  the  band.  In  this  case  expressions  (7.1),  (7.2)  take  the 


following  form: 


J2> 

i  Wiip-'5$E? 

m=0 


4-V7  O  5e"  (V’  4)  I  -J-  ■ 

+  h.<i>  (U.  *)/<*!. W  *’ 


nj  I  00 

J  A(%)  JJP, 


+s«. 


"m  (V,.  <t)  (1,  9) 


hc^O,  9) 


Mm  9)  tern  (V,  9) 


9) 


iWtJi 
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Fig.  7.1.  On  the  calculation  of  the  antenna  radiation  pattern,  which 
is  located  on  the  elliptical  cylinder. 


Key:  (1).  Antenna  aperture 
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Page  155. 

Relationships/ratios  (7.1)-(7.4)  make  it  possible  to  calculate 
the  antenna  radiation  patterns,  which  correspond  to  different 
amplitude-phase  field  distributions  in  the  aperture,  for  different 
values  of  parameters  |o.  hi.  112-  However,  in  view  of  the  complexity  of 
calculating  the  Mathieu  functions  we  will  be  restricted  subsequently 
to  the  interpretation  of  results  of  computations,  which  relate, 
mainly,  to  the  elementary  slotted  emitter. 

7.3. 

Radiation  patterns  of  emitters,  which  are  located  on  the  band. 

Will  examine  first  of  all  the  emitters,  arranged/located  on  the 
surface  of  thin  elliptical  cylinder  (band)  (Fig.  7.2).  According  to 
formulas  (7.3)  and  (7.4)  were  designed  the  radiation  patterns  of 
elementary  slotted  emitters  for  the  bands  of  different  width  in 
several  positions  of  slot  on  the  band.  Fig.  7.3  and  7.4  show  the 
radiation  patterns  of  slot  Wl  (Fig.  7.3)  and  |«,|(®)l  (Fig.  7.4), 
the  corresponding  to  position  slots  in  the  center  of  band.  In  the 
illuminated  region  the  radiation  patterns  are  formed/shaped  as  a 


dHUMfc rTiniif  rfi~—  ’ftiidfiffTi-r  1'  ■  ~y- m — a — 
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result  of  the  interference  of  the  field  of  slot  and 
radiation/emission  of  the  edges  of  screen.  In  the  case  of  parallel 
polarization  (slot  is  gashed  perpendicularly  to  the  edges  of  band) 
edges  of  band  are  excited  weakly  and  therefore  diagram  Bn  ^ 
insignificantly  differs  from  the  appropriate  radiation  pattern  of 
slot,  which  is  located  on  the  plane. 
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Fig.  7.2.  On  the  calculation  of  slotted  emitters  on  the  band. 

Page  156. 

At  the  perpendicular  polarization  (slot  is  parallel  to  the  edges  of 
screen)  and  sufficiently  high  values  rt“  in  the  region  of 

light/world  appear  the  interference  maximums,  oriented  in  directions 
Qmax,  of  those  corresponding  to  the  cophasal  addition  of  the  field  of 
slot  and  radiation/emission  of  one  of  the  edges  when 

*^i.i  sin  n*  4"  i 

("  =  0.  il,  =t2, ...). 

In  the  shadow  zone  radiation  level  of  slot  depends  on  the 
polarization  of  field  and  removal/distance  of  slot  from  the  edges  of 
band.  During  the  parallel  polarization  radiation  level  of  slot  in  the 
shadow  zone  is  considerably  lower  than  with  the  perpendicular. 
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Fig.  7.3.  Radiation  pattern  !«£{♦)(  of  the  longitudinal  slot, 
arranged/located  symmetrically  relative  to  the  edges  of  the  band: 

n  r-x.-  ji  r-2X;  n  r-ax. 


Key:  (1).  deg. 

Page  157. 

The  interference  maximums  of  radiation  pattern  !“x(^)l  in  the  shadow 
zone  occur  with 

KrsinOmox  =  «n  (n  =  0,  ±1,  ±2,  ...). 
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With  an  increase  in  distances  ri  =  r2  the  values  of  interference 
maximums  in  the  shadow  zone  diminish  inversely  proportional  to 
V r,.,/*-  if  slot  is  distant  up  to  the  different  distances  from  the 
edges  of  band  (ri=^r2),  its  diagram  becomes  asymmetric,  moreover  during 
the  perpendicular  polarization  asymmetry  is  expressed  considerably 
stronger. 
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Fig.  7.4.  The  radiation  pattern  I®#  (*>(  of  the  transverse  slot, 
arranged/located  it  is  synunetr ically  relative  the  edges  of  the  band 

/)  r-V  J)  r-2X;  3)  »In#. 


Key :  ( 1 ) .  deg . 
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In  the  region  of  light/vorld  diagram  |“j.Wl  has  maximums  in 
directions  4mm*  for  which 
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kYx  sin  >.u  ~  n.%  -f  hFi, 
kY,  sin  *«•>  «  h* + *r, 

(n—Q,  =irl.  =i=2,...>. 

Radiation  pattern  («„  (0)|  in  the  illuminated  region  virtually  does  not 

depend  on  the  position  of  slot  on  the  band.  In  the  shadow  zone  of 

diagram  lux  (0)1  have  the  maximums  in  directions  ^««*  of  such,  that 

kT  sin  0mtt* =  «*-{-  K  (r,  —  r.) 

(n  —  0,  rtrl,  rt2, ...). 

In  order  to  rate/ estimate  the  role  of  joint  action  of  the  edges 
of  band  on  the  radiation  pattern  of  surface  emitter.  Fig.  7.5  and  7.6 
compare  the  diagrams  of  longitudinal  and  transverse  slots,  which  are 
located  on  the  band  (Fig.  7.2),  the  half-planes  (see  Fig.  3.1)  and 
planes. 


DOC  =  82036108 


PAGE  A'S'P 


Pig.  7.5.  Radiation  pattern  of  the  transverse  slot,  which  is  located 
on  the  band  (curve  1),  half-plane  (curve  2)  and  plane  (curve  3). 

i 

Key:  (1).  deg. 

Page  159. 

Curves  in  Fig.  7.5  and  7.6  correspond  (for  the  band)  and 

r-rf-r,-A.  (for  the  half-plane).  During  parallel  polarization  fringe 
effect  is  small.  During  the  perpendicular  polarization  their  effect 
on  the  radiation  pattern  of  slot  is  substantial;  however,  already  •'.'hen 
Ti4>Xthe  edges  of  band  virtually  do  not  interact,  i.e.,  each  edge  of 
band  emits  as  the  edge  of  half-plane.  In  connection  with  this  is 
justified  the  use/application  of  approximation  methods  of  the 
physical  theory  of  diffraction  [26]  for  calculating  the  radiation 
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patterns  of  emitters,  which  are  located  on  the  surface  of  band. 

In  the  approximation/approach  of  physical  theory  the 
diffractions  of  the  radiation  pattern  of  longitudinal  and  transverse 
slots  on  the  band  are  designed  with  the  aid  of  the  reciprocity 
theorem  and  approximate  solution  of  the  corresponding  diffractive 
problem.  For  the  determination  of  approximate  solution  of  the  problem 
of  diffraction  they  assume  that  edge/fin  Ox  of  band  (Fig.  7.2)  emits 
just  as  the  edge  of  half-plane  y*0;  0^x<®;  and  edge/fin  0*  as  the 
edge  of  half-plane  y-0;  -®<x«0. 
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Pig.  7.6.  Radiation  patte  a  of  the  longitudinal  slot,  which  is 
located  on  the  band  (curve  1),  half -plane  (curve  2)  and  plane  (curve 
3) . 

Key:  (1).  deg. 
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Then  the  solution  of  diffraction  problem  can  be  represented  in  the 
following  form: 


during  the  parallel  polarization 
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Gn  (%  =  #*(&.  *)  = 


=  K^e~  ~  e  -  c°*  *  {f,(2jAicos4-)+ 

.  - - .  .  i  *xp  ( 21k*  cos* 

+f,  (2  *4)+— W-  -T1 


2  Y nKX  cos  — p- 

—  - —  exp[i«(r  —  x)sina-|-]\  (7.5) 

—  x\  sin  — r-  *■ 


2  V «K  (f  —  *)  sin  -j 


on  the  illuminated  side  of  band, 

£„(%  =  #*(».  *)  = 


=  e 


—  iif x  cos 


•)2+^2e  '  '  ff,  (2(/^-cc«4-)- 


i  exp  ^2iic*  cos*  —  J 


2  /  «K X  cos  — 

i  exp  1 2i*  (f  —  x )  sin*  -j-  j  "* ' 


2  Y  **  O'  —  *)  *ln  ~ 

on  the  shadow  side  of  band; 


during  the  perpendicular  polarization 

Gx(»)|s  =  //,(*,  x)-= 

=  ^2  e"‘ T_e-u',eos  4  {f,  (2  ^^cos4-)  + 

+F,  sin 4-)}  (7.6) 

on  the  illuminated  side  of  band, 
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0X  (%=#«(*.  *)  = 


cca-y-)  — 


-  on  the  shadow  side  of  band. 
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In  expressions  (7.5)  and  (7.6) 


d  -  angle  of  incidence  in  the  plane  wave  on  the  band; 


x  -  coordinate  of  observation  point. 


The  reference  directions  of  coordinates  G,  x  are  shown  in  Fig. 

7.2. 


Using  expressions  (7.5),  (7.6)  and  by  reciprocity  theorem,  we 
obtain  the  following  approximations  for  the  radiation  patterns  of 
longitudinal  and  transverse  slots  on  the  band; 
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«',(»)=(/5rl'ivi'.r'“,{f,(2  [/  v,c®t)+ 

/  /  r  %  \  *  f  2I#f  r i  CO*1  "T  ] 

+F  (2/f^4)+-j— P-+ 


V  V  *  4.  J  '  H  , -  v 

2K*rI«w— 

exp^Ur,  «ln*4-')  1  (i) 

+w~  r“0<,<- 


— Irr,  Co*  I 


2  K*r,  cos  “2* 


npu  «<*<2«;  (7.7) 


V, |2+K2.  '  "  L  (s/Scc-J.)- 

/  /■—  .  \  ,  exp  f21*r,  cos*  -4*1 

»/^:^-r+7r  )■  V- 

r  2  K*r,  cos  -J- 

expfW.ritf-j-)  'll  (7) 

~TT - 3IZ - T^"  f  "P"  «<*<2«;  (7.7) 

u\  (*)  =  /2e"‘  Te-i*r-«*  {/r,  (2 

+f ,  (2  /5;s«n  4-)}  np«  0  <  »  <  «;  (7.8) 

u\  l1)  “  e-i*r‘  “*  *  )2  -j-  K2e“‘  T  [f,  (2  f/^cos-^-)- 

-f‘(2/*?sin4-)]}  ^ 

Key:  (1).  with. 
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Fig.  7.7  compares  precise  and  approximate  radiation  patterns 
lul (*)!  and  Kx the  corresponding  to  removal/distance  slots  up  to 
the  equal  distances  from  the  edges  of  band  rt-r*-\.  The  comparison  of 

diagrams  shows  that  the  physical  theory  of  diffraction  gives 
satisfactory  results,  if  the  source  of  field  is  distant  from  the 
edges  of  screen  up  to  distance  ru>x. 


.■  ■  *ti-#  isteU-iuttH* .  ~s-t>  ••  .* 
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Fig.  7.7.  To  the  evaluation  of  the  approximation/approach  of  the 
physical  theory  of  the  diffraction:  1  -  precise  radiation  pattern 
■x<*k  2  -  approximate  diagram 

Key :  ( 1 ) .  deg . 
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Using  the  method  examined,  let  us  produce  the  calculation  of  the 
antenna  radiation  pattern,  which  radiates  from  the  surface  of  band 
(Fig.  7.2).  Let  in  antenna  aperture  be  created  one  of 

following  field  distributions: 

(parallel  polarization),  (7.9) 


nf/i 

m 

n 

■ 

■ 

■ 

m 

■ 

■ 

m 

■ 

m 

■ 

■ 

■ 

■ 

■ 

m 

■ 

■ 

u 

H 

■ 

■ 

■ 

■ 

u 

K 

■ 

■ 

■ 

■ 

■ 

■ 

H 

■ 

■ 

■ 

J 

■ 

■ 

■ 

■ 

K 

* 

m 

■ 

■ 

■ 

■ 

■ 

■1 

■I 

h 

■ 

■ 

m 

■ 

■ 

■ 

■ 

■ 

m 

m 

iff 

w\ 

■ 

■ 

■ 

■1 

■ 

mm 

■! 

SI 

DOC  *  82036108 


PAGE  X&"? 


H  =  A(x)et  (perpendicular  polarization),  (7.10) 

where  j4(x)=l  —  ^,cos~x;  0<x<r. 

Using  formulas  (7.7),  (7.8),  it  is  not  difficult  to  calculate  the 

antenna  radiation  patterns,  which  is  located  on  the  band,  during  the 

parallel  and  perpendicular  polarizations.  For  this  should  be  to  use 

the  relationship/ratio  r 

V =  TJApJdTt,  (7.11) 

by  formulas  (7.7),  (7.8)  and  produced  the  operation/process  of 
integration  in  expression  (7.11).  Fig.  7.8  for  value  f*r/***6 
compares  radiation  patterns  and  designed  with  qi*0. 
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Fig.  7.8.  The  standardized/normalized  radiation  patterns  |F(*)|:  l  - 
perpendicular  polarization;  2  -  parallel  polarization;  3  -  radiation 
pattern  W  <*>i  taking  into  account  interaction  of  the  edges  of  band. 

Keys  (1).  deg. 


Page  164. 


Fig.  7.9,  besides  diagrams  and  (*))»  depicts  the  radiation 

patterns  of  the  antenna  in  question,  designed  in  the 
approximation/approach  of  Kirchhoff  (aperture  method).  According  to 
the  aperture  method  of  the  antenna  radiation  pattern  with  the 
assigned  field  in  aperture  (7.9),  (7.10)  they  take  the  following 
form: 


where 


cos  4;  x,  (6>=sm;4.  a  xA(4)=l. 
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Fig.  7.9.  Antenna  radiation  pattern,  which  is  located  on  the  band:  1 
3  -  calculated  by  formula  (7.11)  for  the  perpendicular  and  parallel 
polarizations  respectively:  2,  4  -  designed  in  the 
approximation/approach  of  Kirchhoff  for  the  perpendicular  and 
parallel  polarizations,  7*5,  q*0. 


Key :  ( 1 ) .  deg . 


Page  165. 

From  Fig.  7.8  and  7.9  it  follows  that  radiation  of  the  antenna  in 
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question  in  the  illuminated  region  can  be  designed  with  the 
satisfactory  accuracy  in  the  aperture  method,  if  7>5  and  0^0  or  m . 
During  the  perpendicular  polarization  aperture  method  gives  the  best 
accuracy,  than  with  the  parallel.  Near  the  boundaries  of  shadow  d»0 
and  v  and  in  the  shadow  zone  where  is  substantial  the  phenomenon  of 
diffraction  on  the  edges  of  band,  aperture  method  it  goes  without 
saying  is  unsuitable.  The  radiation  patterns  vi  W  and  vn  W  in  the 
illuminated  region  virtually  coincide  (with  exception  of  the 
directions,  close  to  the  boundaries  of  shadow),  and  in  the  shadow 
zone  they  noticeably  differ  from  each  other.  The  difference  between 
diagrams  Vi  W  and  vn  (♦)  is  caused  by  the  structure  of  the 
diffraction  waves,  emitted  by  the  edges  of  band  during  parallel  and 
perpendicular  polarizations.  From  Fig.  7.8  and  7.9  it  follows  that 
during  both  polarizations  the  antenna  in  question  has  virtually 
constant  maximum  radiation  level  in  the  region  of  shadow.  This  means 
that  heterogeneous  cylindrical  waves,  emitted  by  the  edges  of  band, 
with  the  assigned  amplitude-phase  characteristic  in  antenna  aperture 
possess  interesting  special  feature/peculiarity.  In  proportion  to 
removal/distance  from  the  boundaries  of  shadow  (d-»3ir/2)  the 
three-dimensional/space  phase  shift  between  the  fields  of 
heterogeneous  cylindrical  waves  vanishes;  at  the  same  time  with 
*-*3»/2  decrease  wave  amplitudes,  emitted  by  the  edges  of  band. 
Consequently,  as  is  shown  calculation,  the  phenomena  indicated  during 
the  addition  of  diffraction  waves  average  out,  and  therefore  the 
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maximums  of  rear  antenna  lobes  have  a  level,  virtually  not  depending 
on  angle  d. 

The  level  of  the  envelope  of  the  maximums  of  the  rear  lobes  of 
the  antenna  in  question  it  is  not  difficult  to  determine,  after 
calculating  the  value  of  the  lobe/lug,  oriented  in'  the  direction. 
a*3ir/2.  Calculation  shows  that  the  values  of  maximum  radiation  level 
of  the  antenna  in  question  in  the  shadow  zone  comprise: 

__  5 

Xexpp  (2*^+-r)]}|+0(1f  r)-  (713) 

A,-£r+°(rf)-  <™> 

Page  166. 

Radiation  level  in  formulas  (7.13)  and  (7.14)  is  read  relative  to  the 
value  of  the  principal  maximum  of  radiation  pattern. 

From  expressions  (7.13)  and  (7.14)  it  follows  that  in  the 
antenna  in  question  the  level  of  rear  radiation/emission  during  the 
parallel  polarization  is  more  than  with  the  perpendicular.  At  the 
same  time,  it  was  above  noted  that  the  radiation/emission  of 
elementary  transverse  slot,  which  is  located  on  the  band,  in  the 
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shadow  zone  considerably  the  low-level  radiation  of  the  longitudinal 
slot. 


In  order  to  explain  the  obtained  result  [expressions  (7.13)  and 
(7.14)],  let  us  examine  the  antenna  whose  aperture  (D^x^D,)  occupies 
the  part  of  the  surface  of  band  (0<xs$r)  (Fig.  7.2).  The  level  of 
rear  lobe/lug  (d*3ff/2)  of  this  antenna  according  to  (7.7),  (7.8)  and 
(7.11)  comprises 


'x 

D , 

x[f,(l/^)+f-(V  )]}**,  (7.15) 

D. 

x[f.  (/¥)+"■ 

.,f  ?'  r.». 

-Bm=nr^w[^-+ 


In  expression  (7.16)  value  6,  to  which  differs  from  A'x*  it  is 

determined  by  integral  on  radiating  antenna  aperture  from  two  waves, 
which  run  along  the  band  and  its  radiating  in  direction  edges.  This 
means  that  the  amount  of  radiation  of  edges  and  value  6  depend 
substantially  on  size/dimension  (D,-D,)  of  radiating  antenna 
aperture. 
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Therefore  depending  on  the  size/dimension  of  antenna  aperture  with 
the  f  ixed/ recorded  bandwidth  value  *'i>  can  both  exceed  and  be  less 
than  the  value  This  confirm  the  results  of  calculation.  Fig. 

7.10  gives  the  values  of  the  levels  A’  of  the  lobe/lug,  oriented  in 
the  direction  «-3w/2,  constructed  in  the  dependence  on 

p~ y  =  5  *  ?,  =  0. 

Key:  (1).  for. 

If  {-0.5,  which  corresponds  to  elementary  slot  A'»<A'x*  whereas 
with  {-0  [is  excited  entire/all  surface  of  band,  which  corresponds  to 
conditions  (7.9),  (7.10)] 
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Fig.  7.10.  Level  values  of  the  rear  lobe/lug  of  broadside  antenna 
array,  which  is  located  on  the  band,  with  7*5,  q*0:  a)*  during  the 
parallel  polarization;  b) -  during  the  perpendicular  polarization. 


Page  168. 


The  given  results  of  calculating  the  broadside  antenna  array, 
which  is  located  on  the  band,  were  obtained  in  the 

approximation/approach  of  the  physical  theory  of  diffraction  without 
taking  into  account  interaction  of  the  edges  of  band.  Neglect  of 
interaction  leads  to  the  imprecise  determination  of  radiation  pattern 
near  the  boundaries  of  shadow  d=0  and  G»ir.  In  order  to  refine 
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radiation  pattern  and  in  the  region  indicated,  should  be  considered 
interaction  of  the  edges  of  band.  Kray  bands  Oi  and  0,  emit 
heterogeneous  cylindrical  waves  u,  and  u,.  As  a  result  of  wave 
diffraction  Ui(u,)  on  edge  0,(0!)  is  excited  the  diffraction  wave 
uu(u,,),  emitted  by  edge  0,(0,  Which,  in  turn,  diffracts  on  edge  0, 
^0,)  and  so  forth.  In  the  problem  about  the  antenna,  arranged/located 
on  the  band,  we  will  be  restricted  to  the  account  only  of  secondary 
diffraction,  i.e.,  wave  diffraction  u,  and  u,  on  the  edges  of  band  O, 
and  Oj  respectively.  The  effect  of  the  subsequent  diffractions  on  the 
antenna  radiation  pattern  decreases  propprtional  T-"'*,  where  n*l, 

2,  3,  ....  For  the  secondary  diffraction  n=l. 

Since  the  zone  of  edge  effect  during  the  parallel  polarization 
has  the  insignificant  width  (for  example,  see  [13]),  we  will  be 
restricted  to  the  account  of  interaction  of  edges  only  for 
perpendicular  polarization.  Examining  the  diffraction  of 
heterogeneous  cylindrical  waves  u,  and  u,  on  the  edges  of  band  0,  and 
0,,  we  will  assume  that  these  waves  diffract  as  flat/plane,  arriving 
from  the  directions  and  d,*jr  and  having  amplitudes,  equal  to 

values  of  |Ui)  andlu,|  on  the  edges  of  band  0,  and  0,.  In  accordance 
with  the  assumptions  indicated  was  designed  the  antenna  radiation 
pattern  for  7»5  and  q,*0.  The  comparison  of  the  curves,  depicted  in 
Fig.  7.8,  shows  that  the  account  of  secondary  diffraction  on  the 
edges  of  band  makes  it  possible  to  refine  the  antenna  radiation 


* 
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pattern  only  in  the  narrow  sector  of  angles,  which  is  adjacent  to  the 
boundary  of  shadow. 

The  radiation  patterns  of  cophasal  slot  antenna  (Fig.  7.8,  7.9) 
and  elementary  sources  (Fig.  7.3,  7.4)  are  formed/shaped  with 

simultaneous  fringe  effect  of  band.  If  antenna,  which  is  located  on 

the  band,  is  excited  by  the  traveling  field  and  in  its  aperture 
Pig.  7.2)  the  distribution'  of  field 

C7") 

AS.'SfiS  did  expect  that  effect  of  one  of  the  edges  of  band  will  be 
considerably  weakened. 

Page  169. 

In  order  to  be  convinced  of  this,  1st  us  calculate  the  antenna 
radiation  pattern  of  the  traveling  wave  in  aperture  of  which  is 
excited  field  (7.17)  when 

— 

(e,—  the  unit  vector,  directed  along  axis  Oz), 

M*)=1-HC05  .  (7.18) 

Expressions  (7.17),  (7.18)  describe  the  wave,  which  encounters 
to  edge  0,  of  bands  (Fig.  7.2).  It  is  obvious  that  at  /J*k  and 
sufficiently  high  value  of  MDj-Di)  edge/fin  0,  will  be  excited 
considerably  stronger  than  another  edge  of  band,  and  therefore  it  is 
possible  to  assume  that  the  radiation  pattern  of  this  antenna  will  be 
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close  to  the  diagram  of  antenna,  which  is  located  on  the  half-plane. 


Utilizing  relationships/ratios  (1.6),  (1.53),  (7.17)  and  (7.18), 
let  us  represent  in  the  following  form  the  radiation  pattern  F x.  W 
of  traveling-wave  antenna,  which  radiates  from  the  surface  of  the 
band: 


VoV 


ms=0 


+  J  <7’19> 


*i=0 


The  results  of  calculation  according  to  this  formula  are  shown  in 
Fig.  7.11  (curve  1).  The  same  figure  depicts  also  the  antenna 
radiation  pattern  (curve  2),  which  is  located  on  the  half-plane. 


Calculation  shows  that  in  the  region  of  major  lobe,  shadow  slope 
and  first  minor  lobes  the  antenna  radiation  patterns,  which  are 
located  on  the  band  and  the  half-plane,  differ  little  from  each 
other. 


Page  170. 

The  characteristic  feature  of  diagram  is  the  brokenness  of  its 

shadow  slope,  caused  by  the  interference  of  the  fields,  scattered  by 
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the  edges  of  band,  while  the  antenna  radiation  pattern,  which  is 
located  on  the  half-plane,  monotonically  it  decreases  with  d>jr. 

If  the  length  of  travel ing-wave  antenna  DI-D1>2X  and  o>0,  for 
calculating  the  diagrams  of  antenna,  which  is  located  on  the  band, 
instead  of  formula  (7.19)  it  is  possible  to  use  the  simpler 
correlations,  obtained  in  Chapter  3  for  the  antenna,  arranged/located 
on  the  half-plane. 
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Fig.  7.11.  Antenna  radiation  patterns  of  the  traveling  wave, 
arranged/located  on  the  band  and  the  half -plane.  The  results  of 
calculation  correspond:  o.-o,  ot-a.  r-a  -  in  the  case  of  band; 

<j-o.  «-o.  :-o .  t-i  -  in  the  case  of  half-plane. 


Key:  (1).  deg. 

7.3.  Radiation  pattern  of  slot,  which  is  located  on  the  surface  of 
elliptical  cylinder. 

In  view  of  the  complexity  of  numerical  calculations  according  to 
formulas  (7.1)  and  (7.2)  we  will  be  restricted  to  the  examination 
only  of  the  nondirectional  emitters  (longitudinal  and  transverse 
slot),  which  are  located  on  the  elliptical  cylinder. 

Fig.  7.12  and  7.13  show  radiation  patterns  (0) |  and  Pi  Wl*  I 

I 

! 

1 
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corresponding  to  the  symmetrically  arranged  (*io~90°)  transverse  and 
longitudinal  slots  on  the  elliptical  cylinders  with  the  identical 
major  axes  a=2X  and  different  minor  axes  b. 

Page  171. 

The  results  of  calculation,  given  in  Fig.  7.12  and  7.13,  make  it 
possible  to  trace,  as  change  radiation  patterns  I Ut  (0)1  in  the 
dependence  on  the  shape  of  surface  of  elliptical  cylinder  upon 
transfer  from  band  (b=0)  to  circular  cylinder  (b=a).  As  one  would 
expect,  diagram  changes  insignificantly  with  0^b<a.  On  the 

contrary,  the  diagram  of  the  longitudinal  slot  depends  substantially 
on  the  value  of  ratio  b/a  (with  a=const).  With  change  b/a  from  0  to  1 
disappears  failure/dip/trough  on  major  lobe  of  diagram,  grow/rise 
supplementary  maximums,  is  expanded  major  lobe. 
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Fig.  7.12.  Radiation  patterns  ^(0)1  of  the  transverse  slot  on  the 
elliptical  cylinder,  which  correspond  a*2A;  tk>-90°  and  to  different 
relations:  1)  b/a=0;  2)  b/a=0.5;  3)  b/a=l. 

Key:  (1).  deg. 

Page  172. 

The  changes  in  the  radiation  pattern  indicated  clearly  reflect  the 
character  of  the  dependence  of  current  distribution  on  the  convex 
body  on  the  radius  of  curvature  of  its  surface. 


I 
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Fig.  7.14  and  7.15  show  radiation  patterns  l^j.  Ml  and  l^«  Ml. 
corresponding  to  two  positions  of  longitudinal  and  transverse  slots 
on  the  elliptical  cylinder  with  axes  a=2X;  b**X.  Radiation  patterns 
I^MI  are  constructed  depending  on  angular  coordinate  which  is 
counted  off  in  the  direction  d>0  from  normal  to  the  surface  of 
elliptical  cylinder  at  the  point  where  is  located  slot. 
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Fig.  7.13.  Radiation  patterns  (0)1  of  the  longitudinal  slot  on  the 
elliptical  cylinder,  which  correspond  a*2X;  ito-9o*  and  to  different 
relations:  1)  b/a=0;  2)  b/a=0.25  3)  b/a»0.5  4)  b/a«l. 


Key :  ( 1 ) .  deg . 

Page  173. 

The  comparison  of  Fig.  7.14  and  7.15  with  the  appropriate  results  for 
the  slot  on  the  band  shows  that  with  an  increase  in  ratio  b/a  of 
radiation  pattern  become  less  susceptible  to  the  position  the 

slots  on  the  surface  of  elliptical  cylinder.  This  is  natural,  since 
in  the  limit  with  b/a-*l  diagram  t/($)  not  at  all  depend  on  the 
position  of  slot. 
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Graphs/curves  in  Fig.  7.3,  7.4,  7.12-7.15  show  that  the  form  of 
the  radiation  patterns  of  elementary  sources  complicatedly  depends  on 
all  parameters  of  the  surface  of  elliptical  cylinder,  on  the  position 
of  slot  on  the  cylinder.  This,  in  the  first  place,  to  relate  to  the 
longitudinal  slot,  since  radiation  pattern  U „ (#)  depends  on 
parameters  <7,  5#.  tj(n  1*0  or  »)  weaker. 

Let  us  examine  one  of  the  characteristics  of  radiation  pattern 

|  (»«.«±  -j- 

AJ-  to*  ^  ti^  (»«..)  | 

-  radiation  level  of  the  longitudinal  slot  in  the  direction  of  the 

boundary  of  shadow  (d*0  or  *  for  the  symmetrically  arranged/located 

slot).  In  special  cases  {.=  0  (strip)  and  (circular  cylinder) 

(see  Chapter  3  and  6): 

Aa  (q,  0, ,)  a  0,42  (eoniTffca  10,  tj  =>/2), 

Aa  (q,  «>, !)  ~  0,7. 


Key:  (1).  if. 

Fig.  7.16  shows  the  values  of  radiation  level  of  the 
longitudinal  slot  in  the  elliptical  cylinder,  designed  depending  on 
the  radius  of  curvature  of  the  edges  of  elliptical  cylinder  for 
symmetrically  arranged/located  slot  (n*«/2)  and  a*2X.  From  the  figure 
one  can  see  that  already  when  p>l/2AA(p)*«0,7. 
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Fig.  7.16.  Radiation  level  of  the  longitudinal  slot  in  elliptical 
cylinder  fx  (q,  5,  n)  —  (<*>  in  the  direction  of  the  boundary  of  shadow 
with  different  radii  of  curvature  of  the  edges  of  cylinder  p*b*/a. 


Page  175. 


In  view  of  the  complexity  of  calculating  the  radiation  patterns 
of  the  sources  of  field,  which  are  located  on  the  elliptical  cylinder 
according  to  precise  formulas,  is  of  interest  the  examination  of  the 
approximation  methods,  which  make  it  possible  to  avoid  the  cumbersome 
calculations,  connected  with  the  use  of  Mathieu  functions.  For  this 
purpose  we  will  use  the  method,  presented  in  §6.4. 

If  the  radius  of  curvature  R  of  the  surface  of  elliptical 
cylinder  at  the  point  where  is  located  slot,  exceeds  wavelength  X, 
the  radiation  pattern  of  slot  U(G)  in  the  illuminated  region 
insignificantly  differs  from  the  diagram  of  slot,  which  is  located  on 
the  circular  cylinder  whose  radius  is  equal  to  R.  This  confirm  the 
results  of  calculation,  given  in  Fig.  7.17,  where  are  compared 
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precise  (curve  1)  and  approximated  (curve  2)  of  the  radiation  pattern 
of  the  longitudinal  slot,  which  is  located  on  the  elliptical  cylinder 
with  the  sizes/dimensions  of  axes  a-2X,  b»A,  at  point  t|o-n/2.  Precise 
and  approximate  radiation  patterns  noticeably  differ  only  in  the 
shadow  zone. 


DOC  «  82036108  PAGE 

\UiW\ 


90 

Fig.  7.17.  Precise  and  appro 
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7.4.  Radiation  patterns  of  spheroidal  antennas. 

The  vast  class  of  the  surfaces  of  the  real  objects,  which  have 
variable/alternating  curvature,  can  be  approximated  by  the  surface  of 
spheroid.  A  strict  solution  of  the  problem  about  the 
radiation/emission  of  arbitrary  system  of  sources,  which  is  located 
on  the  surface  of  spheroid,  is  known  [61,  62].  However,  the 
possibilities  of  the  numerical  calculation  of  spheroidal  antennas  are 
at  present  limited  by  a  special  case  of  symmetrical  excitation  in 
view  of  the  absence  of  a  sufficient  quantity  of  tabulated  spheroidal 
functions.  The  most  detailed  results  of  the  numerical  calculation  of 
the  radiation  patterns  of  symmetrical  spheroidal  antennas  are  given 
in  works  [62]  (f~>r  the  flattened  spheroid)  and  [7]  (for  the  prolate 
spheroid) . 

Let  us  examine  how  affects  the  surface  of  the  prolate  spheroid 

the  radiation  patterns  of  surface  emitters,  after  using  the  results 

of  work  [7],  Let  in  the  surface  of  spheroid  £*£.  (Fig.  7.18)  be 
gashed  the  thin  annular  slot  whose  position  on  the  surface  is 

characterized  by  coordinate  n— 1|\  since  is  examined  symmetrical 

problem,  field  distribution  along  the  slot  is  even. 
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Fig.  7.18.  On  calculation  of  spheroidal  antenna. 


Page  177. 


In  the  remote  zone  the  electric  field  of  annular  slot  has  unique 
component  E,  value  of  which  is  determined  as  follows  [7]: 


r,  «"'**  2  .  /  t-(Y)*  w 

s=  i;7  ~i~~y  ~i prx 


xr__Su(Mj  - -  (7.20) 

M  i  j-^-  MS’  «.)  +  (MV  <*•  5)  ]t=ti  J 

where  -  magnetic  current  strength  in  the  slot; 


W,1/ (A,  Q  _  radial  spheroidal  third-order  functions; 


S,j(A, ^0  -  angular  spheroidal  functions; 


d  -  focal  length  of  spheroid. 


h  =*  ltd!  2; 


i 
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Fig.  7.19.  Radiation  patterns  of  annular  slot  on  spheroid  with  h=7, 
{.  =  1.077.  Length  of  spheroid  L=2.4  X;  V*®;  0.4  and  0.7.  '  ... 

Key:  (1).  deg. 

Page  178. 


Fig.  7.19  gives  the  results  of  the  numerical  calculation  of  the 
standardized/normal ized  radiation  patterns 


where  ^-vectorial  angle  in  the  spherical  coordinates.  From  the  figure 
one  can  see  that  the  displacement  of  slot  over  the  surface  of 
spheroid  leads  to  the  contraction  of  the  lobe/lug  of  diagram,  turned 
to  the  side,  opposite  to  displacement.  Simultaneously  this  lobe/lug 
is  sloped  toward  the  axis  of  spheroid.  The  changes  in  the  radiation 
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pattern  ^(d)  indicated  are  caused  by  the  radiation/emission  of  the 
current  wave,  which  runs  along  the  large  arm  of  spheroid.  Diagrams, 
turned  toward  the  displacement  of  slot,  on  the  contrary,  is- expanded, 
its  amplitude  can  exceed  the  amplitude  of  the  lobe/lug,  oriented  in 
the  direction,  opposite  to  the  displacement  of  slot. 
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8. 

Radiat from  the  waveguide,  4flSBM0rlocated  on  the 
half-plane. 

Is  of  interest  the  study  of  the  radiation  characteristics  of  the 
antennas  whose  aperture  does  not  coincide  with  the  surface  of 
conductive  body,  but  it  is  located  in  immediate  proximity  of  it.  In 
present  chapter  is  examined  a  special  case  of  the  task  indicated:  the 
calculation  of  the  radiation  pattern  of  flat/plane  waveguide,  which 
is  located  on  the  half-plane. 

8.1.  Formulation  of  the  problem  and  calculated  relationships/ratios. 

Let  us  examine  the  flat/plane  semi-infinite  waveguide, 
arranged/located  on  the  half-plane  at  a  distance  of  a  from  its  edge 
(Fig.  8.1).  The  walls  of  waveguide  we  consider  ideally  conducting  and 
negligibly  thin.  Let  us  assume  that  in  the  waveguide  to  the  side  of 
the  open  end/lead  (in  the  negative  direction  of  x  axis)  is  propagated 
one  type  wave. 

Page  179. 
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9.8 / 

A  strict  solution  of  the  problem  indicated  with  a=0  is  given  in  work 
163].  Together  with  a  strict  solution  work  [63]  examines  the 
approximate  methods  of  calculating  the  radiation/emission  of 
waveguide,  and  also  are  compared  the  results  of  a  precise  and 
proximate  analysis.  On  the  basis  of  comparison  it  is  shown,  in 
particular,  that  use  of  approximation/approach  of  Kirchhoff  for  the 
solution  of  the  problem  about  the  radiation/ emission  from  the 
flat/plane  waveguide  gives  satisfactory  results  during  the 
computation  of  field  in  the  front/leading  half-space  x<0.  .  ~ 

In  present  chapter  the  method  of  calculation  is  based  on  the 
use/application  of  an  approximation  method  of  Kirchhoff. 
Approximation/approach  lies  in  the  fact  that  the  field  in  the 
aperture  of  waveguide  takes  as  the  equal  to  the  field  of  incident 
wave  and  are  not  considered  currents  on  the  outer  side  of  the  upper 
wall  of  waveguide.  It  is  obvious  that  under  the  assumptions  indicated 
the  greatest  error  in  the  calculation  should  be  expected  in  the 
region  the  angles  ■6>ir/2  (Fig.  8.1). 

Let  us  determine  the  radiation  field  of  the  waveguide, 
arranged/located  on  the  half-plane,  in  the  cases  of  perpendicular 
(£±)  and  by  parallel  (£  )  of  polarizations. 


Perpendicular  polarization 
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Fig.  8.1.  Waveguide  on  half-plane.  Coordinate  system. 

Page  180. 

Unique  component  Ht  of  the  magnetic  field,  emitted  by  waveguide, 
can  be  found,  after  using  reciprocity  theorem  (1.5)  and 
relationships/ratios  (1.35),  (1,37).  Disregarding  the 
radiation/emission  of  the  current,  which  flows  in  to  the  outer  side 
of  the  wall  of  waveguide  (y=b),  we  obtain,  according  to  expression 
(1.5)  the  following  value  of  the  field,  created  by  waveguide  in  the 

direction,  characterized  by  angle  0: 

» 

Ht  (»)  =  lir  \{EyHu  -  HtElv)  |  ^y,  (8.2) 

o 

where  £,Vl  Hit  -  plane  waves,  field  component,  which  diffracts  on  the 
half-plane  [see  expressions  (1.35)-(1.37) ]. 

Subsequently  there  will  be  examined  the  radiation  pattern  of 
single  waveguides,  which  are  located  on  the  half-plane,  and  also 
diagrams  of  two  identical  waveguides,  arranged/located  symmetrically 
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relative  to  half-plane.  We  will  consider  that  field  distribution  in 
the  aperture  of  the  waveguide,  located  under  the  half-plane,  with 
x=0,— b^y^O  is  described  by  expression  (8.1).  - 

The  radiation  patterns  of  single  waveguides,  which  are  located 
from  above  or  from  below  from  the  half-plane,  we  will  note 
respectively  by  the  sign  plus  (+)  or  minus  (-).  The  radiation 
patterns  of  two  symmetrically  arranged/located  waveguides  during  the 
cophasal  excitation  let  us  designate  by  letter  2,  and  with  the  . 
antiphase  -  by  letter  A. 

Page  181. 

Making  integration  in  expression  (8.2),  we  obtain  the  following 
expressions  for  the  radiation  patterns  of  the  single  waveguides: 

ft  (*)  =(1  +  C,  cos  (<►),  (8.3) 

/7(d)  =  (l+C1cos»)ilji-F1(»), 

where 

Fi  (®)! «  i  0  +  0(1  -K,  cos*) JF,  (v,)  e-'“- 
-  Ft  (»,)  e1*]  ~  (1-4-i)  e-1*  e'2*1  X 

x  [-  +!,uco*  c°s4‘+'S3t'sin  -  <8-4) : 

7*a/X  and  h=b/X  --  referred  to  the  wavelength  the  length  of  the 
projecting  plate  and  the  height/altitude  of  waveguide? 
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i/  =  2rAsin#;  o,  =  ^>sin -^-+^cos-|-;  (8.5) 

w  =  2rf  ccs ot  =  />sin-5 — qcos-^-\ 

p —2V /r’-f  A'-fr;  f=2yr(/r,+A,-r. 

Angle  d  is  counted  off  clockwise  from  the  negative  semi-axis  x  in  the 
coordinate  system,  shown  in  Fig.  8.1. 

Parallel  polarization. 

Parallel  polarization  corresponds  to  propagation  in  the 
waveguide  of  magnetic  waves.  Let  us  examine  only  a  wave  of  the  type 
H.  x ,  which  creates  in  aperture  x=0j0<:y.Sb  field  distribution 

£*  =  -jr-sin-y-;  Hy—sm  — ; 

<8-6> 

where  p  -  wave  propogation  constant  H, x  in  the  waveguide. 

For  determining  the  unique  component  of  electric  field  £.  we 
will  use  relationships/ratios  (1.4),  (1.38)  and  (1.40): 

£*  w  =  i  —  H  hElt)  |  s^dy.  (8.7) 


Page  182. 
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After  integration  in  expression  (8.7)  ve  will  obtain 


where 


(?<•>' -  (l  +  «» ♦) ^£*.+  F ,  <•); 

zm  -  -  (1  +  xe*»)  +  r ,(•). 


(8.8) 


1  +  "jj-  cos  8 


f.  <*>=0+0  jllf.W^- 


+(1  —  i)  e 


— i  W 


.  8 
/,  cos  — 

2*tt,  ; 


(8.9) 


P 

A  =  e“  i2*T  J  _e‘ T  *  sin  (g-  )  dt; 

2 1'  2j  '  .  / 

y,  =  e12*1  j e‘ T/' COS +  8/  ) dt ;  (8. 10) 


8.2.  Analysis  of  the  obtained  results. 

Utilizing  expressions  (8.3),  (8.8)  for  the  radiation  patterns  of 
single  waveguides,  it  is  possible  to  obtain  total  field  for  two 
waveguides,  symmetrically  arranged/located  relative  to  half-plane  and 
having  the  arbitrarily  assigned  excitation,  i.e.,  any  amplitude  and 
the  phase  of  the  incident  waves.  Let  us  examine  two  simple  ones  and 
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important  ones  of  the  case  when  the  amplitudes  of  the  incident  waves 
in  these  waveguides  are  identical,  and  phases  either  are  equal 
("cophasal  excitation"  -  electric  vectors  £n»«  in  the  apertures  have 
identical  direction)or  opposite  ("  antiphase  excitation"  -  vectors 
£nta  have  opposite  orientation). 


Perpendicular  polarization. 

In  this  case  during  the  cophasal  excitation  of  two  waveguides, 
the  plate  to  the  "total  diagram"  effect  does  not  exert  and  field 
coincides  with  the  field  of  two  waveguides  in  the  absence  of 
half-plane,  i.e. 

M»)=/r  (»)+/r(»)  =  2(1  +C,  cosd)  illl.  (8.11) 

Page  183. 

Thus,  the  cophasally  excited  waveguides  during  the  perpendicular 
polarization  are  equivalent  to  one  waveguide  with  a  height/altitude 
of  2b,  equal  to  the  doubled  height/altitude  of  single  waveguide. 
Diagram  (8.11)  coincides  with  field  expression  of  the 
radiation/emission  of  the  radiation/emission  of  this  waveguide, 
obtained  in  the  approximation/approach  of  Huygens-Kirchhof f  f63]. 
During  the  antiphase  excitation  of  symmetrical  waveguides  with  the 
wave  of  the  type  E,,  in  each,  the  resulting  "differential"  diagram 
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/u  =  /r(»)-/r(»)  =  2fx(»)  (8.12) 

is  formed/ shaped  with  the  essential  effect  of  half-plane. 

Parallel  polarization. 

During  the  cophasal  excitation  of  the  upper  and  lower  waveguides 
[field  in  the  aperture  of  lower  waveguide  differs  from  that  described 
by  expression  (8.6)  only  by  sign]  total  field  is  equal 

/«(°)=/j+  (»)  +  /7(»)  =  2/^(9).  (8.13) 

This  means  that  the  projecting  plate  distorts  the  total 
radiation  pattern  of  waveguides  during  the  parallel  polarization.  At 
the  same  time  differential  radiation  pattern  (antiphase  excitation) 
half-plane  does  not  affect: 

+  (S.14) 

It  is  not  difficult  to  see  that  formula  (8.14)  coincides  in  by  the 
expression,  obtained  in  the  approximation/approach  of 
Huygens-Kirchhof f  [63]  for  the  waveguide  with  the  doubled 
height/altitude  2h  and  the  excited  by  the  wave  type  H, ,,  the 
propagation  constant  of  which  in  the  waveguide  p  =  * Y 1— I / ( 2b ) 2 
coincides  with  the  wave  propogation  constant  H,  x 


in  the  waveguide 
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with  a  height/altitude  of  h. 

Page  183. 

Thus,  the  comparison  of  formulas  (8.11)  and  (8.14)  with  <8. 3)  and 
(8.8)  shows  that  the  first  terms  of  right  sides  in  expressions  (8.3 
and  (8.8)  correspond  to  the  approximation/approach  of 
Huygens-Kirchhof f  for  the  waveguide  and  his  mirror  image.  Terms 
and  /  in  these  formulas  consider  fringe  effect  of  half-plane.- 

The  radiation  patterns,  described  in  S  8.1,  are  obtained  without 
taking  into  account  the  currents,  which  flow  in  to  the  outer  side  of 
the  walls  of  waveguides.  Analysis  of  the  radiation  patterns  of  single 
waveguides  makes  it  possible  to  rate/estimate  the  error,  connected 
with  the  approximation/approach  indicated.  For  this  in  expressions 
(8.3),  (8.8)  one  should  assume  7=0  that  it  corresponds  to  the 
symmetrical  task  about  the  radiation/emission  from  the  flat/plane 
waveguide.  However,  there  is  no  complete  symmetry  of  diagrams  (8.3), 
(8.8)  in  this  case,  since  are  not  considered  the  currents  flowing  in 
to  the  top  wall  of  waveguide.  The  degree  of  asymmetry  of  radiation 
patterns  with  7=0  can  serve  as  qualitative  evaluation  of  the 
admissibility  of  the  made  simplification. 

8.3.  Results  of  calculating  the  radiation  patterns. 
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According  to  the  formulas,  obtained  in  S  8.1,  was  produced  the 
calculation  of  the  radiation  patterns  of  the  paired  waveguides, 
arranged/located  on  the  half-plane,  for  the  different  values  of 
parameters  h=b/X  and  y=a/X. 

In  the  case  of  perpendicular  polarization  was  examined  the 
antiphase  excitation  of  waveguides,  in  the  case  of  parallel  - 
cophasal.  The  amplitude  and  phase  radiation  patterns  /*,,  ~of 
single  waveguides,  arranged/located  on  the  half-plane,  can  be  used 
for  obtaining  the  radiation  patterns  of  two  waveguides  with  arbitrary 
excitation.  For  this  to  the  expression  of  the  radiation  pattern  of 
upper  waveguide  / ,*s(#)  should  be  added  the  expression,  which 
characterizes  the  diagram  of  lower  waveguide  (ft)  =  /+2 (—  0),  multiplied 

by  certain  complex  coefficient  of  B,  i.e., 

/...(»)  =  /,:>)+  4 '•:%.?  - 


Page  185. 

During  the  calculation  of  these  diagrams  to  the  parameters  $  x 
and  5 i  were  attached  importance,  which  correspond  to  different  phase 
wave  velocity  in  the  waveguide,  by  different  from  the  velocity  in  the 


*’.+***  mtfaum 'fate*  . 
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free  space.  The  latter  was  reached  by  the  filling  of  waveguide  with 
dielectric  or  with  the  selection  of  the  width  of  waveguide.  In  the 
case  of  perpendicular  polarization  the  calculations  were  carried  out 
for  the  values  of  the  conductivity  $x,  equal  to  0.82  and  1-2.8. 

The  value  of  conductivity  $!=0.82  corresponds  phase  wave 
velocity  of  the  type  Hl0f  which  is  propagated  in  rectangular 
waveguide  without  the  filling  with  the  wide  wall,  which  has 
size/dimension  of  d=0.875X.  Remaining  values  of  J,  correspond'to  the 
semi-infinite  flat/plane  waveguide  with  .the  wave  of  the  type  TEM, 
filled  with  dielectric  with  permeability  e(  from  1  to  8.  The 
height/altitude  of  waveguide  varied  within  the  limits  0.25<h<1.25. 

In  the  case  of  parallel  polarization  the  calculations  were 
performed  for  wave  H, x  and  values  which  correspond  to  the  values 
of  height/altitude  h=0.75;  1,25  with  the  filling  of  waveguide  with 

dielectric  with  permeability  e(.  from  1  to  8.  During  calculations  in 
all  cases  it  was  accepted  iix=l.  Giving  to  the  parameters  $x  and  5, 
complex  values,  it  is  possible  to  consider  the  effect  of  the 

4 

fundamental  wave  reflected  on  the  radiation  pattern.  In  this  case  5, 

♦ 

and  St  are  connected  with  the  complex  coefficient  of  reflection  r  by 
the  relationship/ratio 

»  (8.16) 

where  the  values  of  $ are  determined  by  formulas  (8.1)  and  (8.6). 
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Antiphase  excitation  of  two  waveguides.  Perpendicular  polarization. 

Amplitude  radiation  pattern  in  this  case  is  the  symmetrical 
function  of  angle  d,  it  has  two  major  lobes,  radiation/emission  along 
half-plane  (d=0)  is  absent.  Phase  diagram  <Di($)  is  also  symmetrical, 
but  its  part  in  the  region  of  the  negative  values  ©  is  shifted  value 
v  relative  to  its  part  with  •©>0. 

Page  186. 

Amplitude  diagrams  for  several  values  of  the  height/altitude  of 
waveguide  h  are  depicted  in  Fig.  8. 2-8. 4.  As  the  parameter  is 
undertaken  the  ratio  of  the  length  of  plate  to  the  height/altitude  of 
waveguide  7/h.  With  an  increase  in  this  relation  major  lobe 
approaches  an  axis  of  antenna,  its  width  decreases,  grow/rise  the 
slope/transconductance  of  diagram  on  the  slope,  turned  to  the  axis, 
and  side-lobe  level. 
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Fig.  8.2.  Amplitude  radiation  patterns  of  two  waveguides  with 
antiphase  excitation  with  h=1.25. 

Key  s  ( 1 ) .  deg . 

Fig.  8.3.  Phase  radiation  patterns  of  two  waveguides  with  antiphase 
excitation  with  h=0.75. 

Key:  (1).  deg. 

Page  187. 

The  effect  of  ratio  7/h  on  the  radiation  pattern  weakens 
with  an  increase  in  altitude  of  waveguide  h.  With  7/h*0  phase 
diagrams  (Fig.  6.5)  are  in  effect  constant,  which  corresponds  to  the 

location  of  the  phase  center  of  system  in  the  beginning  of 
coordinates  (Fig.  8.1),  i.e.,  in  the  foundation  of  radiating 

apertures  on  the  half-plane. 
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Fig.  8.4.  Fig.  8.5. 

Fig.  8.4.  Amplitude  radiation  patterns  of  two  waveguides  with 
antiphase  excitation  with  h=1.25. 

Key:  (1).  deg. 

Fig.  8.5.  Phase  radiation  patterns  of  two  waveguides  with  antiphase 
excitation  with  h=0.75. 

Key:  (1).  rad.  (2).  deg. 

Page  188. 

With  an  increase  in  the  parameter  7/h  in  the  phase  diagrams  appears 
characteristic  sagging/deflection  in  the  center  (with  small  ones  G) 
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This  corresponds  to  the  carrying  out  of  phase  center  forward  from  the 
aperture  to  the  edge/fin  of  half-plane.  Strictly  speaking,  this 
system  does  not  have  phase  center  and  it  is  possible  to  speak  only 
about  certain  effective  phase  center.  The  coordinates  of  the 
effective  phase  center  x,,  yt  can  be  found,  if  real  phase  response  in 
certain  selected  interval  of  angles  is  represented  in  the  form  of  the 
curve 

f  (*)  =  h +**.  cos  &  -f  sin  b,  (8.17) 

where  ipo^onst.  In  the  region  of  major  lobe  where  the  phase  changes 
sufficiently  smoothly,  the  approximation  of  phase  response  <&(<►)  by 
function  <p(d)  with  a  good  accuracy  it  is  possible  to  produce  with  the 
aid  of  their  join  at  three  points  <h. 

Fig.  8.6  gives  the  graph/diagram  of  dependence  on  y/h  that  found 
with  such  method  of  the  relative  coordinate  of  effective  phase  center 
7*=x,/X  for  different  values  of  h. 
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Fig.  8.6.  Graph/diagrams  of  dependence  of  position  of  effective-phase 
center  on  ratio  7/h  during  perpendicular  polarization. 

Page  189. 

In  view  of  symmetry  the  approximation  was  conducted  in  the  sector  of 
angles  -  where  d,  corresponds  to  the  first  minimum  of 

diagram,  but  do  not  exceed  90°. 

From  Fig.  8.6  it  follows  that  for  values  of  h=0.25-1.25  the 

coordinate  of  phase  center  is  connected  with  value  7  with 

relationship/ratio  7, —  (0.35-0. 5)7.  Thus,  the  obtained  effective 

phase  center  of  system  is  located  near  the  middle  of  the  projecting 

plate.  Let  us  note  that  with  an  increase  in  th  length  of  plate  to 

the  sizes/dimensions,  many  the  high  altitudes  waveguide  (7/h»l), 
phase  center  again  approach  an  aperture.  The  phase  diagrams  of 

waveguides  as  this  converted  to  the  effective  center  is  simple  to 

show,  it  is  actually/really  close  to  the  constants. 
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Fig.  8.7.  Amplitude  and  phase  radiation  patterns  of  waveguides, 
filled  with  dielectric  (during  perpendicular  polarization). 


Key:  (1).  deg.  (2).  rad. 


Page  190. 

It  is  established/installed,  that  the  filling  of  waveguide  with 
dielectric  virtually  does  not  affect  the  position  of  maximum  and  the 
width  of  radiation  pattern.  The  effect  of  filling  proved  to  be 
essential  only  in  the  region  of  the  rear  radiation/emission  where  the 
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results  of  calculations  were  imprecise.  As  the  illustration  Fig.  8.7 
for  h=0.75  and  7/h*0.75  shows  the  amplitude  and  phase  diagrams  of  the 
waveguides,  filled  with  dielectric  with  different  values  e- 

Cophasal  excitation  of  two  waveguides. 

Parallel  polarization. 

In  the  case  of  the  amplitude  and  phase  diagram  of  the  cophasal 
waveguides  parallel  to  polarization,  symmetrically  arranged/located 
relative  to  half-plane,  they  are  the  even  functions  of  angle  d.  Major 
lobe  is  directed  along  the  half-plane  and  is  expanded  with  an 
increase  in  the  length  of  plate  y.  Simultaneously  increase  minor 
lobes.  With  an  increase  in  value  y  the  first  minor  lobe  can  achieve 
the  level  of  the  main  thing  and  exceed  it,  which  makes  it  possible  to 
create  radiation  pattern  close  one  in  form  to  the  table-shaped. 
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Fig.  8.8.  Amplitude  radiation  patterns  of  two  cophasal  waveguides 
with  h*0.75  and  different  values  7/h.  '  .  ~  - 


Key :  ( 1 ) .  deg . 
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With  an  increase  in  altitude  of  waveguide  h  at  the  constant 
value  7  the  radiation  pattern  becomes  narrow,  and  side-lobe  level 
decreases  (Fig.  8.8-8.10). 
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Fig.  8.9.  Amplitude  radiation  patterns  of  two  cophasal  waveguides 
with  h=l  and  different  values  y/h. 


Key:  (1).  deg. 

0,» 


fit* 


0 

Fig.  8.10.  Amplitude  diagrams  of  two  cophasal  waveguides  with  h=1.25 
and  different  values  y/h. 


Key:  (1).  deg. 
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Phase  diagrams  in  the  region  of  major  lobe  are  close  to  the 
constants.  The  filling  of  waveguide  with  dielectric  in  this  case  also 
weakly  affects  diagram,  at  least  in  the  region  of  major  lobe.  In  the 
region  of  minor  lobes  the  effect  of  filling  somewhat  stronger  than  in 
the  preceding  case.  But  difference  is  most  substantial  in  the  regipn 
of  the  rear  radiation/emission  where  initial  relationships/ratios 
(8.8)  for  the  radiation  field  as  a  result  of  the  allowed  .  - 

approximations/approaches  become  imprecise.  For  the  illustration  Fig. 
8.11  shows  the  amplitude  and  phase  diagrams  of  the  waveguide,  filled 
with  dielectric. 

Radiation  from  the  single  waveguide  during. the  perpendicular  and 
parallel  polarizations. 

The  amplitude  and  phase  diagrams  of  the  single  waveguide, 
arranged/located  on  the  half-plane,  for  the  perpendicular 
polarization  are  shown  in  Fig.  8.12-8.14. 
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:?i  3.11.  Amplitude  and  phase  diagrams  of  cophasal 

waveguides  with  dielectric  filling  with  h=0.75j  7/h=0.75  and  parallel 
polarization. 

Key:  (1).  deg.  (2).  rad. 

Page  193. 

Analogous  diagrams  for  the  parallel  polarization  are  given  in  Fig. 
8.15-8.17.  Utilizing  these  diagrams,  it  is  possible  with  the  aid  of 
expression  (8.15)  to  calculate  the  radiation  pattern  of  two 
waveguides  with  the  arbitrary  excitation. 


£«» 

_ 

_ 

~7~" 

— 

60 

_ _ 

120 

O.tpad 

1 

DOC  =  82036109 


PAGE 


Fig.  B.12.  Amplitude  and  phase  diagrams  of  waveguide  on  half-plane 
with  h=0.25. 


Key:  (1).  deg.  (2).  rad. 

Page  194. 

The  amplitude  radiation  pattern  of  single  waveguide  for  both 
polarizations  with  ?>0  is  deflected  upward  from  the  direction  0*0. 
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The  amount  of  deflection  of  the  maximum  of  the  radiation  pattern  of 
single  waveguide  from  the  axis  at  different  relative  lengths  of 

plate  7  for  both  polarizations  is  given  in  Fig.  8.18  (see  page  199), 
where  solid  lines  correspond  to  perpendicular  polarization,  and 
broken  lines  -  parallel. 
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Fig.  8.13.  Amplitude  and  phase  diagrams  of  waveguide  on  half-plane 
with  h=0.75. 

Key:  (1).  deg.  (2).  rad. 

Page  195. 

The  width  of  radiation  pattern  decreases  with  an  increase  y.  A  number 
of  minor  lobes  on  top  from  the  half-plane  and  their  level  they 
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increase  with  the  increase/grovth  7,  which  is  especially  noticeable 
in  the  case  of  perpendicular  polarization.  In  the  region  G<0  the 
diagram  monotonically  drops  more  rapidly,  the  larger  is  7.  ~ 


DOC  =  82036109 


PAGE 


yo 


f,M 


i 

■ 

■ 

■ 

1 

k\ 

■ 

■ 

■ 

■ 

■ 

■ 

i 

Z7 

M 

m 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

n 

1 

■ 

m 

■ 

B 

■ 

■ 

■ 

I 

Mi 

■ 

m 

m 

s 

flBi 

i 

■ 

1 

■rT 

L! 

« 

Sai 

i 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

m 

i 

tSM 

n 

■ 

■ 

■ 

s 

\m 

■ 

i 

m 

i 

i 

■ 

8 

■ 

■ 

■ 

IKK 

M 

■ 

i 

9 

■ 

■ 

g 

■ 

n 

_ . 

m 

K 

9 

£ 

m 

B 

u 

■ 

■ 

■ 

m 

n 

m 

fl 

■ 

■ 

m 

■ 

■ 

■ 

Kl 

■ 

£ 

ra 

<2 

\ 

It 

N~ 

\ 

hi 

■ 

■ 

■ 

■ 

■i 

K 

■ 

■ 

m 

n 

■ 

■ 

9 

pi 

■i 

■ 

HI 

» 

m 

■ 

■I 

■1 

J, 

-*0  -40  O  '  00 


Fig.  8.14.  Amplitude  and  phase  diagrams  of  waveguide  on  half-plane 
with  h«1.25. 


Key:  (1).  deg.  (2).  rad. 

Page  196. 

The  phase  diagrams,  depicted  in  Fig.  8.12-8.17  (Fig.  8.17  cm. 
page  198)  with  7/h*0  have  certain  inclination/slope  which  is 
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page  j&r*0. 

explained  by  the  fact  that  the  reference  point  is  arranged/located 
not  in  the  center  of  aperture,  but  in  its  foundation.  With  the 
increase/growth  7  phase  diagrams  are  distorted.  This  corresponds  to 
certain  displacement  of  ph&se  center  towards  the  edge/fin  of 
half-plane.  The  jumps  of  phase  diagram  coincide  with  the- minimums  of 
amplitude  diagram. 

The  analysis  of  calculations  for  different  values  e  showed  that 
the  effect  of  dielectric  filling  on  the  radiation  pattern  of.  single 
waveguide  so  is  small,  as  in  the  case  of  two  waveguides. 
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Fig.  8.15.  Amplitude  and  phase  diagrams  of. waveguide  on  half-plane 
with  h=0.75. 


Key:  (1).  deg.  (2).  rad. 

Page  197. 

8.4.  Comparison  of  the  results  of  calculation  with  the  experimental 
data. 

Together  with  the  calculations  of  radiation  patterns  f*(6)  and 
fa(d)  were  carried  out  the  measurements  of  these  diagrams. 
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Fig.  8.16.  Amplitude  and  phase  diagrams  of  waveguide  on  half-plane 
with  h=l . 


Key:  (1).  deg.  (2).  rad. 
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Page  198. 

In  the  case  of  perpendicular  polarization  the  relative 
height/altitude  of  waveguide  h=0.341;  the  relative  length  of  plate  7 
took  values  from  0  to  2.46.  During  the  parallel  polarization  h=0.752r 
and  7  was  changed  from  0  to  2.3.  ' 

The  width  of  waveguide  d  and  the  transverse  size/dimension  1  of 
plate  comprised  in  the  first  case  (in  the  portions  X)  ^**1,11,  ^  — 
the  secondly  rf,  -3,27, 
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half-plane  with  h=1.25. 


Key:  (1).  deg.  (2).  rad. 


Page  199. 


Amplitude  and  phase  radiation  patterns  were  taken/removed  in  the 


mock-up  (Fig.  8.19)  in  principal  plane,  normal  to  the  edge/fin  of 
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plate.  The  projecting  plate  to  the  radiation  pattern  during  the 
cophasal  excitation  of  waveguides  in  the  case  of  perpendicular 
polarization  {f?A)  and  antiphase  during  parallel  polarization  -  (£,) 
virtually  does  not  affect  [see  formulas  (8.13)  (8.16)]. 
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Fig.  8.18.  Graph/diagrams  of  dependence  of  direction  of  maximum  of 
radiation  pattern  of  waveguide  on  relative  length  of  plate  7. 

Key:  (1).  deg. 


Fig.  8.19.  General  view  of  mock-up. 
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Fig.  8.20.  Comparison  of  experimental  (unbroken  curve)  and  calculated 
(dotted  line)  radiation  patterns  for  perpendicular  polarization  with 
h=0 . 34 ,  7/h=2.7. 


Key:  (1).  deg. 
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Fig.  8.21.  Comparison  of  experimental  (unbroken  curve)  and  calculated 
(dotted  line)  radiation  patterns  for  parallel  polarization  with 


h*0.75,  y/h-1.5. 
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Key:  (1).  deg. 

Page  201. 

From  the  graphs/curves  Fig.  8.20  it  is  evident  that  in  the 
sector  of  angles  of  -90°-£<K90°  occurs  the  satisfactory  coincidence  .of 
experimental  diagrams  with  the  calculated  ones;  coincide  position 
both  the  value  of  maximums  and  minimums  and  also  the  wid.th  of 'diagram 
on  the  level  of  half  power.  With  an  increase  in  the  relative  length 
of  plate  7  the  region  of  coinciding  experimental  and  calculation  data 
is  expanded.  The  experimental  and  calculated  amplitude  radiation 
patterns  of  two  waveguides  with  the  cophasal  excitation  during  the 
parallel  polarization  are  shown  in  Fig.  8.21.  Experimental  and 
calculated  radiation  patterns  for  the  parallel  polarization  with 
small  7/h  coincide  in  the  larger  sector  of  angles  and  it  is 
considerably  more  precise  than  during  the  perpendicular  polarization. 
This  is  connected  with  the  smaller  flowing  in  of  currents  to  the 
external  walls  in  the  case  of  parallel  polarization. 
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9. 

Three-dimensional^^p^i  radiation  patterns  of  elementary  emitters, 
which  are  located  on  the  half-plane. 

The  results  of  calculation,  obtained  in  chapters  3-8,  to  the 
equal  degree  are  valid  also  for  the  antenna  with  the  two-dimensional 
aperture,  if  discussion  deals  with  the  main  section  of  its  radiation 
pattern  (see  S  1.2)  and  is  satisfied  condition  (1.30).  However 
frequently  the  information  about  the  main  section  of  diagram  it  is 
insufficient.  In  connection  with  this  is  of  interest  the  examination 
or  the  tbree-dimensional/space  vector  antenna  radiation  pattern  with 
the  two-dimensional  aperture. 

In  Chapter  3  it  was  shown  that,  if  surface  antenna  was  distant 
up  to  the  sufficient  distance  from  the  edge  of  half-plane,  its 
radiation  pattern  can  be  represented  in  the  form  of  the  product  of 
two  factors  one  of  which  corresponds  to  the  diagram  of  slot,  which  is 
located  within  the  limits  of  antenna  aperture,  and  another  -  to 
antenna  radiation  pattern  in  the  free  space. 


Page  202. 
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Analogous  confirmation  is  correct  for  the  radiation  pattern  of  the 
two-dimensional  aperture,  which  radiates  from  the  surface  of 
semi-infinite  screen.  Therefore  special  importance  acquires  the 
analysis  of  the  radiation  patterns  of  elementary  sources, 
arranged/located  on  the  half -plane. 

9.1.  Radiation  patterns  of  elementary  slots  and  electric  dipole,  that 
are  located  on  the  half-plane. 

Let  us  determine  the  radiation  patterns  of  three  fundamental 
simplest  emitters,  which  are  located  on  the  surface  of  half-plane 
(Fig.  9.1):  the  longitudinal  slot,  the  transverse  slot  and  vertical 
electric  dipole.  To  the  emitters  indicated  correspond  the  following 
conditions  for  excitation: 

I  s=a  (*-*)*(*-*«)*» 

-  for  the  longitudinal  slot, 

E i,  I  j  ~  “  *.) 1  (*'  —  *.)  *« 

-  for  the  transverse  slot; 

-  for  the  vertical  dipole. 


•  (9-l> 

(9-2) 

.  (SU) 
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Pig.  9.1.  On  the  calculation  of  the  radiation  patterns  of  elementary 
sources. 

Page  203. 

In  expressions  (9.1)— (9.3) s 

x,  z  -  coordinate  of  observation  point  in  the  Cartesian  system 


(Fig.  9.1); 


x«,  z,  -  coordinate  of  the  source  of  field. 

In  order  to  calculate  the  radiation  patterns  of  the  emitters  in 
question,  we  will  use  relationships/ratios  (1.24),  (1.25),  obtained 
in  S  1.2  *. 

FOOTNOTE  1 .  For  calculating  the  radiation  patterns  it  is  possible  to 
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use  also  the  results  of  work  [64].  ENDFOOTNOTE. 


Calculation  shows  that  in  the  remote  zone  spherical  components  of  the 

electric  field  of  the  sources  indicated  take  the  following  form: 

•  . 

£M  =  sin +  4  M*)i  = 

=  2sin«e-i-  (»,  ?)  =  V,  „(*)  UT#|  (».  ?);  CM) 

£#|  =  0 

-  for  the  longitudinal  slot. 

« 

£#1  =  sin  { I  H-  tff'  V,  (»)  + 


=  2  sin  fe”(“  Vtl  (*,  <f)  =  (»)  WtL  (».  ?).  (9.5) 

£*j.  — cos  ^ cos  •*“*“  { 1  4*  (*)+ 

*T  ‘T*’  I 

i.  yr«  e _ i + cm f  I _ 

'  n  a  co*  y  J 

=  2  cos  <p  cos  »e”  *“  irfl  (»,  ?)  =  VfX  (&.  r)  X 

-  for  the  transverse  slot 


■ 


DOC  =  82036110 


=  —  sin?cos  fte"'“  j 1  +  ySe  V,(v)-f- 


=—  2  sin  9  ccs  fte  Wt  (ft,9)=y*  (ft, 9)  (ft,  9)*  (9.6) 

.  « 

E9  =  —  cos9e~'“  jl-f  J/Je  Vt(o)  + 

■  V'le  e _ 1  +  cos  f  | _ 

'  «  0  cos  f  J 

=  -  2  ccs  9e_i“  ITf  (ft.  9)  *=Kf  (ft.  9)  IF,  (ft.  9) 

-  for  the  vertical  electric  dipole. 


Page  204. 

In  expressions  (9.4)— (9.6)  are  introduced  the  following 
designations: 

_  n  I  /  KX,  Shi  #  f  . 

0  =  2  V  — * - COS-J-- 

u  =  kx%  sin  ft  cos  9  -}■  kz%  cos  ft; 

ft,  <p  -  angles  in  the  spherical  coordinates,  shown  in  Fig.  9.1. 


The  given  relationships/ratios  make  clear  physical  sense:  each 
of  them  can  be  represented  in  the  form  of  the  product  of  two  factors 
one  of  which  [V,  (ft,  <p)]  describes  the  radiation  pattern  of 
elementary  source  in  the  free  space,  and  another  [W(ft,  n>,4 
characterizes  the  effect  of  semi-infinite  screen  on  the  radiation 
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pattern  of  emitter.  In  the  main  sections  $«*/2  of  radiation  pattern 
(9.4)— (9.6)  they  coincide  with  the  appropriate  expressions  for  the 
radiation  patterns  of  the  elementary  cylindrical  sources  of  field, 
led  in  £hapter  3.  With  the  aid  of  formulas  ( 9 . 4 ) — (  9.6)  it  is 
possible  to  calculate  the  three-dimensional/space  radiation  patterns 
of  the  emitters  in  question. 

Page  205. 

9.2.  Results  of  the  numerical  calculation  of  the  radiation  patterns 
of  elementary  sources. 

The  calculated  radiation  patterns  of  elementary  sources  are 
shown  in  Fig.  9. 2-9. 9.  Diagrams  correspond  to  the  position  of 
elementary  sources  at  point  x,=2X,  z,«0  on  the  surface  of 
semi-infinite  screen. 

The  results  of  calculations  Fig.  9. 2-9.6  depicts  in  the  form  of 
the  lines  of  level  of  the  constant  values  of  the  spherical  components 
of  standardized/normalized  radiation  patterns  according  to  the  power. 

The  radiation  patterns,  depicted  in  Fig.  9. 2-9. 6,  are  calibrated 


relative  to  the  maximum  power  coefficients,  emitted  by  elementary 
sources,  which  are  located  on  the  infinite  flat/plane  screen. 
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Fig.  9.2.  Lines  of  level  I £,„(».  t> I* -court  of  the  radiation  pattern  of 
the  longitudinal  slot.  This  diagram  is  calibrated  to  its  own  maximum 
and  remaining  (Fig.  9. 3-9. 6)  to  maximums  }v(«,  <p)|  *. 


Key:  (1).  deg. 
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Fig.  9.3.  Lines  of  level  t 
transverse  slot. 


const  of  radiation  pattern  of 


Key:  (1).  deg. 


so 


i  of  level 
slot. 
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Key:  (1).  deg. 
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Fig.  9.8.  Phase  diagrams  #)  —  •*(».  —  »)• 

Key:  (1).  deg. 

Page  209. 

From  Fig.  9. 2-9. 6  it  is  evident  that  in  the  shadow  zone  of  radiation 
pattern  monotonically  they  decrease,  and  in  the  region  of  light/world 
-  they  oscillate  as  a  result  of  the  interference  of  the  fields, 
emitted  by  elementary  sources  and  edge  of  screen.  The  greatest 
brokenness  of  radiation  patterns  with  <p<w  is  observed  in  the  main 
sections  G*ir/2.  On  the  measure  the  removals/distances  from  the 
boundary  of  shadow  in  the  region  of  the  light/world  of  radiation 
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pattern  approach  the  values,  which  correspond  to  the  position  of 
emitters  on  the  plane.  The  radiation  patterns  of  the  transverse  slot 
and  vertical  dipole  with  a«0;  ir  unlimitedly  grow/rise.  The  special 
feature/peculiarity  of  the  radiation  patterns  of  the  transverse  slot 
and  dipole  indicated  is  caused  by  the  action  of  the  edge  of  screen, 
along  which  flows  the  current  with  infinite  surface  density  [65].  It 
should  be  noted  that,  in  spite  of  the  special  feature/peculiarity 
indicated,  power  in  the  diagrams  of  the  transverse  slot  and  dipole 
have  completely  specific  values. 
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Fig.  9.9.  Phase  diagrams  9)  =  ®,(t.  o)  =  arg£, (». t)  *,(».»)-«* £.l*  *)• 

Key:  (1).  deg. 

Page  210. 

Under  the  actual  conditions  when  the  transverse  slot  or  dipole  is 
located  on  finite  baffle,  their  radiation  pattern  will  as  before  have 
peaks  in  the  directions  ■0*0  and  *  (since  edg&  will  operate  as 
traveling-wave  antenna);  however,  the  values  of  these  peaks  will  £>e 
final.  Let  us  note  that  the  region  of  the  increase  of  diagram,  which 
corresponds  with  x,*2X  to  directions  of  9< 1°,  in  Fig.  9. 3*9. 6  is  not 
noted. 


■  at-  A 


DOC  *  82036110 


PAGE 


Fig.  9. 7-9. 9  depicts  the  phase  diagrams,  designed  depending  on 
angular  coordinate  <p  for  several  sections  of  radiation  pattern 
$*const.  From  the  diagrams  it  is  evident  that  the  phase  center  of 
radiation/emission  in  the  shadow  zone  is  arranged/located  at  point 
z=0;  x=0  on  the  edge  of  screen.  In  the  illuminated  region  phase 
center  is  within  the  limits  0<x<xa;  0<z<x,ctgd,  moreover  its  position 
is  different  for  different  sections  of  radiation  pattern. 
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Page  211. 

Appendix  I. 

Asymptotic  formulas  for  the  radiation  pattern  of  slot,  which  is 
located  on  the  key. 

In  order  to  find  asymptotic  formulas  for  diagram  u(<p),  which 
correspond  to  the  sufficient  removal/distance  of  slot  from  the  edge 
of  key  (Kr>i),let  us  represent  expressions  (1.41)  and  (1.44)  for  both 
polarizations  in  the  following  form: 


where  during  parallel  polarization  G=GU  ==£„  and  with  perpendicular 
G=G±=H,  [see  expressions  (1.41)  and  (1.44)3; 

5=*'P — <p'.  T|=<p+<p': 

Ci  and  Ca  -  ducts/contours  of  integration  on  the  complex  plane  w, 
shown  in  Pig.  1.1. 


Since  us  interests  the  field  of  slot,  which  is  located  on  the 
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key,  in  expression  (1.1)  it  is  possible  to  assume  Bearing  in 

mind  that  *p'»l,  for  computing  the  integrals  in  expression  (1.1)  is 

convenient  to  use  the  steepest  descent  method,  converting  the 

/ 

ducts/contours  of  integration  C2  and  C2  into  the  ways  of  the  fastest 
descent,  passinj  through  saddle  points  w*-ir;  0;  it  integrands  in 
expression  (1,1).  However,  before  carrying  out  strain  of 
ducts/contours  C2  and  C2  into  paths  of  steepest  descent  of 
integration  W2  and  W2  (Fig.  1.1),  it  is  necessary  to  explain,  what 
special  features/peculiarities  possess  integrands  in  formula  (1.1) 
and  as  are  arranged/located  these  special  features/peculiarities  on 
plane  w. 

Page  212. 

Of  fundamental  interest  are  those  special  features/peculiarities 
which  are  arranged/located  either  within  the  range 

— 

or  outside  it,  but  near  its  ends  w»+-».  The  presence  of  such  special 
features/peculiarities  must  be  considered  during  the  conversion  of 
ducts/contours  C,  and  C2  and  during  the  integration  for  the  steepest 
descent  method.  Under  sign  of  both  integrals  in  expression  (1.1) 
stands  the  function  of  the  following  form: 
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which  has  simple  poles  at  the  points 

x+2an  (n=- 0,  ±1,  ±2,  ...)■ 

Let  us  examine  how  are  arranged/located  poles  Pole  v«,  which 
corresponds  n«0,  is  located  at  point  »«*■—*•  If  we  are  restricted  to 
the  examination  of  the  key  whose  exterior  angle  **a<2ir,  will  seem 
that 
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Fig.  1.1.  Ducts/contours  of  integration  on  plane  w. 

Page  213. 

Pole  w,(n=l)  is  located  at  the  point 

wl=*2a — x. 

Since  it  is  assumed  that  a>*,  pole  Wj  cannot  prove  to  be  inside  the 
interval  (-tt,  it).  However,  with  and  x— n  pole  wx  approaches 

saddle  point  w«ir.  It  is  analogous,  if  x  — .t(x=.t—  boundary  of 

shadow),  pole  w,  approaches  saddle  point  w«-w.  Remaining  special 
features/peculiarities  0;  1)  of  function  Ste.  x)  are  located  out 

of  the  interval  (-»,  ir)  far  from  its  ends/leads.  Therefore  during  the 
conversion  of  the  ducts/contours  of  integration  C»  and  C,  in  the  way 
of  the  fastest  descent  W,  and  W4  and  the  integration  for  the  steepest 
descent  method  it  is  necessary  to  consider  the  simple  poles  w,  and  wt 
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of  integrand.  The  conversion  of  ducts/contours  C,  and  C,  into  paths 
of  steepest  descent  of  integration  is  shown  in  Fig.  1.1.  If  Os^xs^.-t 
the  region  of  light/world),  during  the  strain  of  duct/contour  C,  it 
is  necessary  to  add  in  expression  (1.1)  deduction  in  pole  w*w,  which 
proves  to  be  within  the  region,  limited  by  duct/contour  Cj-Wj+W'i. 
When  x>.i  (shadow  zone)  pole  w*w,  proves  to  be  out  of  the  interval 
(-Jr,  ir) .  The  contribution,  introduced  by  pole  w«w, ,  corresponds  to 
geometric-optical  component  of  diffraction  field.  Since  branches  W',, 
of  the  converted  ducts/contours  ,*Wi ,+W' 1 2-  coincide,  and  the 
directions  of  circuit/bypass  along  W' L  and  W’ ,  are  opposite, 
expression  (1.1)  taking  into  account  the  aforesaid  can  be  represented 
in  the  following  form: 

'  G  =  A(5)e-i*('0,l^A(1I)e-',,rp’co”l4- 


I  —  i  —  to 

1  /  (  --  1*0'  cos  m  C  , 

2 T)\  e  — — - — — 

.]  .  “'T*  T 1 

T,+r,  e  —  c 

r  1 

_  I  itfp 'coscr  C  *  \ 

^  e  9  —7 - ; — <1w 

V+".  (o  •  *  ’ 

*mt!  ot.rr 


Page  214. 


So  that  the  ducts/contours  W,  and  W,  would  be  by  paths  of  steepest 
descent  of  integration,  their  inclination/slope  at  saddle  points 
w »+-*  to  axis  Re  w  must  compose  angle  in  45°.  Taking  into  account 
this  and  taking  into  account  the  direction  of  circuit/bypass  Wj  and 
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^6 


W,,  let  us  make  the  following  replacement  of  variable/alternating: 

,_r  ,  </)  „ 
w  =  st  -f-*  ana  IT,; 

m=se  *  — «  o!in  IT,..  (1.3) 

Key:  (1).  for. 


Since  it  is  assumed  that  replacement  (1.3)  makes  it  possible 

to  convert  expressions  (1.2)  to  the  following  form: 


G  =  h  («)  e~' =a  k  (,) e~',r' 


Page  215. 

In  this  recording  Green's  functions  are  represented  in  the  form  of 
the  combination  of  the  integrals 
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where 


6,  =  e  4  (x  —  *); 


—  I  — 

bt  =  e  A  (x  —  2a). 


Integrand  in  (1.5)  has  simple  ones  of  pole  at  points  s»-b,,.  If  bi  or 
b2-»0,  the  pole  of  integrand  approach  appropriate  saddle  points  and 
the  function 

/(s)  = - 1 _  , 

stops  the  rapidly  changing  in  the  vicinity  point  s=0.  Therefore  for 
computing  the  integrals  of  form  (1.5)  it  is  not  possible  to  directly 
use  the  usual  method  of  steepest  descent  [66].  The  difficulty 
indicated  during  the  computation  of  integral  can  be  bridged,  after 
isolating  the  part  of  function  f (s)oscillating  near  the  poles,  after 
presenting  f(s),  as  follows: 

f  (s)=  ~  + 

where 

T  ~  1  _e-T  («+*>  T  (s  +  4)  ' 

In  expression  (1.6)  function  T(s)  will  always  be  that  slowly  changing 
and  therefore,  substituting  (1.6)  in  (1.5),  we  will  obtain: 

,'=K‘f^'sW+r(s’]*= 

+•  _i!l  „ 

— rj  (I?) 
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Page  216. 

For  computing  the  integral 

+«B  tf1  4, 

<l-8) 

we  will  use  the  reception/procedur »,  proposed  by  Felsen  [67] 


Let  us  represent 

7+5=* — r(?zrsr-lj- 


Then 


<5  *»• 

- «* 


In  order  to  calculate  the  integral 


/< 


let  us  enter  as  follows.  It  is  not  difficult  to  ascertain  that 

as- W]— «'*’  J 

o 

— {-e-,x”fp(4-)-  -■*?  e-  Jt”*V  (1.9) 
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Integrating  expression  (1.9)  on  x  from  -xb*  to  «,  we  obtain 
/'*>  W  =  y  /  y-y  ^  Zr**i  j  •'  ‘t~Tdt. 

—xb* 


Thus, 


/(*) 


-Ww-1 

X,,(/HHZ)J  '  (uoi 


and  then 


+®  -Ill  ^ 

M*  • 


ds 


1  —  c”T  (*+h) 


< — y  sign  bt 


III 
*  2 


21m  f  _iJL 

!  (l-K2e  4  X 


Page  217. 

Substituting  expressions  (1.5)— (I- 11 )  into  formula  (1.4)  and  by 
defining  concretely  values  of  ylt  and  btI,  we  will  obtain  the 
following  asymptotic  representations  for  Green's  functions  G„.x  in 
the  regions  of  light/world  and  the  shadows,  which  correspond  *p'>i. 

1.  Region  of  light/world  0<ij<r) 
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—  Up'  cost  — iKP'eost).  1  + 

Cn.i  =  e 


X 


*■ 

sin  — - 


sin  — 

<X 


I  /  2 « 

k  7T- 


cos  — - cos  —  '  COS  COS  —  1) 

,  r)(  ->t-  T'- V 

—  2*e  '  e  X 

_ UyS-se'' 

S-Ef  »P 


X(l  — l-'Se  '  4  Fx  (2a — t 


-*r  _,4 


,  t _ I /  2*  __ 

"i“  2a  —  £ — «  V  Kp' 
x (l  -  *  Fr  [ /?  (« -t,)])  - 


x(l-Vr2e  ‘  4  f.[/4-(2.-, -«)]): 

l/S. 

«  r  «p- 1 


(1.12) 
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2.  Shadow  zone  («<*<«,  *<n<a) 


T 
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I  W-g.. 

1  — ?  r~  «•  *  Jr  *? 

\co»—  -co*Ti  cos  —  -  cos  —  T  y 

>])+ 

+E4-y^-«-,v^,~'-x 

x  (i  -  Kir1  * f,  [/-i  (2._t_«)])_ 
x(i-yTF.[/vi'-^]):f 

t  /Ter  — «4*  -( 

S|S**=*Yf|-'  <• 
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Page  219. 

Appendix  II. 

Calculation  of  fields,  created  by  slot,  which  is  located  on  the 
impedance  plane. 

Let  the  slot  in  the  impedance  plane  (Fig.  II. 1)  be  excited  by 
the  field 

Hm  =  -i(z,-T)et.  (11.1) 

(Plane  coordinates  x»0  in  contrast  to  the  coordinates  in  half-space 
x>0,  they  will  be  noted  by  primes,  i.-.,  with  x«0  z«z',  y«y'). 

For  the  convenience  we  will  consider  that  the  surface  impedance 
Z  of  plane  can  be  represented  in  the  following  form: 

ZssifZ,,  (H.2) 

where 

Z%  =  yf^-  =  120«  ohm 

-  impedance  of  free  space. 

Disregarding  ohmic  losses,  let  us  assume 

(H.3) 


H-const—  real  value. 
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Fig.  II. 1.  On  the  calculation  of  the  radiation/emission  of  slot  in 
the  impedance  plane. 

Page  220. 

Taking  into  account  boundary  condition  in  the  impedance  surface, 
we  obtain 

+  =  (H.4) 

where  n—'eI  -  unit  vector  of  normal  to  the  surface  of  screen. 
According  to  the  formula  of  Kirchhoff  and  the  conditions  for 
radiation/emission,  magnetic  field  H(x,  z)  at  any  point  (x,  z)  of 
half-space  x$0  can  be  represented  in  the  following  form: 

»('•  — r  J  ["<»•  *'>£-»(-£-)._>'•  <"-5> 

As  auxiliary  function  z,  x',  z/)  in  expression  (II. 5)  let  us 

select  the  combination  of  the  following  form: 

♦  =  |  k  ^(x-xT-H*-*)'!  + 

+  &?\K  /(x  +  X')*-(-(^-2'),I.  ((I-6) 

Substituting  function  *  and  value  (dHldn)x-+  found  from  condition 


i 
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(I I. 4),  into  expression  (I I. 5),  we  obtain 

h(x,  <* 

00 

+  J <’ I* /*•  +  (» -O' I  }  # (0,  n df.  (II. 7) 

In  view  of  the  uniform  relative  to  X  convergence  of  integral  in 
(II. 7)  admissibly  to  pass  in  this  expression  to  the  limit  with  x-»0 , 
in  consequence  of  which  there  wi^i  be  obtained  following  integral 
equation  for  the  value  of  magnetic  field  on  the  surface  of  screen 

//  (0,  *0  “  “J"  j —  Wik/Zj,11  (x  1 2#  —  r ! )  + 

+*,  ]//<o,,(K|*'--*i)tf(0.  0<«}-  <“-8) 

— «o 

Page  221. 

The  obtained  integral  equation  has  differential  nucleus  and  therefore 
for  solving  it  it  is  expedient  to  use  Fourier  transform,  having 
temporarily  assumed  that  k  -  is  complex  and  lmk>0.  In  view  of  the 
made  assumption  the  Fourier  transform  equation  (II. 8)  is  holomorphic 
in  the  band 

—  Im/c<ImC<Im  k.  (II. 9) 

Actually/really,  the  left  side  of  equation  (II. 8)  with(z’|  -*■«•  behaves 
as  exp(+- i/3z* )  (/J  -  propagation  constant  of  ground  wave),  and 
therefore  its  Fourier  transform  is  holomorphic  in  the  band 


—  Im  $  <  Iin  C  <  Im 


(UK’) 
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The  Fourier  transform  of  the  right  side  of  equation  (II. 8)  is  regular 

in  band  (I 1.9).  Therefore  in  view  of  the  fact  that  (ground  wave 

retarded),  the  Fourier  transform  for  equation  (1 1. 8)  as  a  whole  is 

holomorphic  in  band  (II. 9).  Equation  (II. 8)  modified  according  to 

Fourier  takes  the  following  form: 

7715TTT  =4- 1  ~ J e,!X: > (* | *'• -  r I )i dz'  + 

— 00 

00  00 

+^Je'u'[  j//(0,  /)<’(« \z'-t\)dty2\  (11.11) 

—03  —00 

where  H(0,  $)  -  Fourier  transform  for  H(0,  $). 


Page  222. 


Taking  into  account  that  [63] 


00 

je‘uX,(*l*'-rl)<fc'  =  e 


icr  2 


yv-;» 


and 


»(0.  0  = 

we  obtain  with  the  aid  of  formula  (1 1. 11) 

H^=4-(-Flr7fei''ir+ 

00 

+^\  SToTl)  *(*.  9<«J.  (iu2) 


where 
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ST  (I,  0=J  elu'  [  J  \*-t  \)dt\ dz’= 

—CO  —30 

=  J  eMC_l)*'  [  [  ei:“  H(‘\k\u\)du\dz'=: 

—00  —00 

—  J=h-,(™‘'dz’  =  ‘ 

v*-v  J 


/**  -i* 


Therefore- 


ff?0~n  =  il _ '  J’-r  .yHj 0,  ;)| 

'  ’  \  Vt *  y**-t.* 

and,  therefore, 

/f(0,  C)  =  -£L- - - - e*r.  (II.  13) 

'  V  2«  K'  —  C*  —  J»ct| 

As  a  result  of  holoraorphy  of  both  parts  of  the  latter/last  equality 
in  band  (II. 9)  admissibly  inverse  transformation  of  Fourier 
expression  (11.13).  Thus,  the  solution  of  integral  equation  (II. 8) 
takes  the  follovina  form: 

"(o-  ■  '  e"*> 

We  convert  the  obtained  solution  of  equation  (1 1.8),  taking  into 
account  the  special  features/peculiarities  of  integrand  in  (11.14) 
the  plane  $=$l+i5,.  For  this  let  us  lock  the  real  axis  OJj  by  the 
semicircumference  of  a  large  radius,  which  lies  at  the  lower 
half-plane  $j<0  for  z'  — f>0,  and  at  the  upper  for  V— r<0  (Fig. 

II. 2).  During  the  conversion  of  the  duct/contour  of  integration  in 
(11.14)  it  is  necessary  to  consider  the  special 
features/peculiarities  of  integrand. 
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It  is  not  difficult  to  ascertain  that  it  has  two  simple  poles  at  the 
points 


and  branch  point 


(11.15) 


(11.16) 


In  view  of  the  Cauchy  theorem  about  the  deductions  the  integral  in 
(11.14)  taking  into  account  special  features/peculiarities  (11.15) 
and  (11.16)  can  be  represented  in  the  following  form: 

S*+  -Sr*  *'+  S'\  Cr+  C'  + 

+  ««•«’) 

C  + 

with  z' —  T<0; 

{  f  +  I  +  I  .f  +  f  +  + 

_S-_  V'_  C,_  C'_ 


when  2'  — r>0. 


The  sections  of  the  du:t/contour  of  integration  in  expressions 
(11.17)  and  (11.18)  are  shown  in  Fig.  II. 2. 


As  a  result  of  the  selected  location  of  the  ducts/contours  of 
integration  for  r<0  and  F>0  the  integrands  in  (11.17)  and 
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(11.18)  satisfy  Jordan's  lemma  on  semi circumferences  SK±  respectively 
and  therefore  integrals  lengthwise  Sr*  vanish  with  R->®.  Furthermore, 
it  is  obvious,  that 


since  the  directions  of  circuit/bypass  on  S'±  and  s"±  during  the 
integration  are  opposite,  and  integrands  on  S'±  and  S"±  have  identical 
values.  Integrals  in  infinitesimal  circles/circumferences  Sr± 
according  to  the  Cauchy  theorem  are  equal  to  the  deductions  of  the 
corresponding  integrals  in  poles  (11.15),  multiplied  on  -  2*i. 
Integrals  in  circles/circumf erences  around  branch  points  (11.16) 
are  equal  to  zero. 

Page  224. 

During  the  integration  for  the  coasts  of  sections/cuts  C'±  and  C*±  it 
is  necessary  to  consider  sign  change  of  root  upon  transfer  from  one 
shore  of  section/cut  to  another,  i.e.,  upon  transfer  from  one  branch 
of  root  to  another  as  a  result  of  the  circuit/bypass  of  branch  point. 
Taking  into  account  the  noted  special  features/peculiarities  of 
integration  in  (11.17)  and  (11.18),  we  obtain: 


for  *'_r>o 
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Fig.  II. 2.  To  the  conversion  of  the  duct/contour  of  integration. 

Page  225. 


After  combining  expressions  (11.19)  and  (11.20),  we  will  obtain  the 
following  representation  for  the  field,  created  by  slot  on  the 
impedance  plane: 

H  (0.  z')  = 


=  €a« 


1  +100 

I  1  f  exp  (i«<  1  z‘  —  l'  I ) 

l  .  J 

I 


!/•—!<«  + 


f-pTL=fexp(ix^l+VU'-r|)j.  (11.21) 


In  expression  (11.21)  the  first  term  corresponds  to  the  value  of 
radiation  field  on  the  surface  of  impedance  screen,  and  the  second 
describes  two  ground  waves,  which  spread  from  the  slot.  Expression 
(11.21)  can  be  used  for  calculating  the  radiation  pattern  of  slot  on 
the  impedance  half-plane  in  the  approximation/approach  of  Kirchhoff. 
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